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PREFACE

This report gives a comprehensive summary and detailed data
for the recordbreaking floods of December 1964 and January 1965
in the Far Western States. The detailed report supersedes a pre-
liminary report, “Floods of December 1964 in the Far Vestern
States,” which presented selected data available shortly after the
floods and which was released to the open file in March 1965.

This report presents data on flood stages and discharges, with
descriptions of the storms that produced the floods and of the areal
extent and effects of the floods. Data on sediment discharge are given
for many streams. Some very high sediment concentrations are re-
ported, and the sediment loads transported during the principal
flood periods were very substantial.

This report is presented in two parts. The general description of
the storms and floods, discussion of the floods and flood damage in
the several basins, and summaries of flood damage, maximumr stages
and discharges, and maximum sediment concentrations and loads,
are presented as Part 1, Description, in U.S. Geological Survey
Water-Supply Paper 1866—-A.

Basic records of stage, discharge, sediment concentration and load
are presented as Part 2, Streamflow and sediment data, in Water-
Supply Paper 1866-B. These data were collected by the U.S. Geologi-
cal Survey as part of a continuous program in cooperaticn with
the States of California, Idaho, Nevada, Oregon, and Washington;
county and municipal agencies within these States; and agencies of
the Federal Government.

This report was prepared by the U.S. Geological Survey, Water
Resources Division, under the general direction of L. B. Leopold,
chief hydrologist, and his successor, E. L. Hendricks, Jr.
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FLOODS OF DECEMBER 1964 AND JANUARY 1965
IN THE FAR WESTERN STATES

PART 1. DESCRIPTION

By A. O. WAANANEN, D. D. Harris and R. C. WiLLIAMS

ABSTRACT

The floods of December 1964 and January 1965 in the Far Western States
were extreme; in many areas, the greatest in the history of recorded s*reamflow
and substantially greater than those of December 1955. An unusually large
area—Oregon, most of Idaho, northern California, southern Washington, and
small areas in western and northern Nevada—was involved. It exceeded the
area flooded in 1955. Outstanding features included recordbreaking peak dis-
charges, high sediment concentrations, large sediment loads, and extersive flood
damage. The loss of 47 lives and direct property damage of more than $430
million was attributable to the floods. Yet, storage in reservoirs and operation
of flood-control facilities were effective in preventing far greater damages in
many areas, particularly in the Central Valley in California and the V'illamette
River basin in Oregon.

The floods were caused by three principal storms during the period December
19 to January 31. The December 19-23 storm was the greatest in overall
intensity and areal extent. Crests occurred on many major streams December
28, 1964, 9 years to the day after the great flood of December 23, 1955. The
January 2-7 storm produced extreme floods in some basing in California. The
January 21-31 storm produced maximum stages in some streams in northeast-
ern Oregon and southeastern Washington and a repetition of higl flows in
part of the Willamette River basin and in some basins in coastal Ovegon. All
the storms, and particularly the warm torrential rain December 21-23, re-
flected the combined effect of moist unstable airmasses, strong west-southwest
winds, and mountain ranges oriented nearly at right angles to the flow of air.
High air temperatures and strong winds associated with the storms caused
melting of snow, and the meltwater augmented the rain that fell on frozen
ground. The coastal areas of northern California and southern Ovegon had
measurable rain on as many as 50 days in December and January. A maximum
precipitation of nearly 69 inches in the 2-month period was recorded in south-
ern Oregon, and recorded runoff at several streamflow-measuremert stations
indicates that greater precipitation probably occurred at higher al*itudes in
these areas.

Al



A2 FLOODS, DEC. 1964 AND JAN. 1965, FAR WESTERN RTATES

Flood runoff in streams, not affected by regulation, exceeded any previously
recorded throughout much of the area. Some streams that had particularly
notable floods are: Deep and Plush Creeks in the Great Basin in Oregon, where
the maximum flows were nearly twice those of the record floods of 1963 ; Thomes
Creek, a west-side Sacramento River tributary in the Central Valley, where
the maximum flow was 160 percent of the record peak of 1955; Eel, Klamath,
and Smith Rivers in north-coastal California, where the catastromhic peak flows
were about 1-1/8 times the floods of 1955 and the legendary winter floods of
1861-62 and inundated, damaged, or destroyed nearly all communities along
the main rivers; Grande Ronde River in the lower Snake River basin, where
the peak discharge at La Grande was 1.6 times the previous maximum flow
during 57 years of record; John Day River in the lower Columbia River basin,
where the peak discharge at the McDonald Ferry gaging station exceeded the
historic peak of 1894; many Willamette River tributaries, where maximum
flows exceeded previous record flows; and the Rogue River in coastal Oregon,
where the maximum flow of about 500,000 cfs below the Illinois River near
Agness was 86,000 cfs greater than the previous maximum in a 74-year record.
The partly regulated flow of the Willamette River far exceeded that in 1955.

The suspended-sediment concentration and load of most streams greatly ex-
ceeded any that had been measured previously in the flood area. In Idalo,
Washington, and Oregon., the ground thaw that preceded the period of high
runoftf resulted in conditions conducive to severe erosion of th-~ uplands and
subsequent deposition on flooded stream terraces. The greatest concentrations of
suspended sediment occurred in streams that drained areas bordering the lower
Snake and lower Columbia Rivers. Maximum concentrations in four of these
streams ranged from 220,000 to 360,000 ppm (parts per million). Suspended-
sediment concentrations in streams in northern California greatly exceeded
those previously observed subsequent to the floods of 1955; a maXximum of
76,000 ppm occurred in Thomes Creek in the Sacramento River b-sin. Sediment
data were not obtained in 1955. Landslides, washouts, and strearmbed and bank
erosion contributed tremendous quantities of sediment. The suspended-sediment
load of 57 million tons transported by the Eel River at Scotia December 23 was
about 10 times the maximum load of record (1957-64).

This report presents a general description of the December 1964 and January
1965 floods. details and estimates of the damage incurred. a summary of peak
stages and discharges and comparative data for previous floods at 1,240 sites,
and a summary of suspended-sediment concentrations and daily sediment loads
at 109 sites.

Also included are discussions of the storm precipitation during the 2-month
period. sedimentation, flood regulation by storage reservoirs and recurrence in-
tervals of peak discharges, as well as tables of flood-crest stages along the San
Joaquin, Sacramento. Russian, and Eel Rivers in California. and the Willamette
River in Oregon.

Station data on stage and discharge, and sediment concentration and load,
where pertinent, obtained at 1.254 sites in the flood area are assembled in Water-
Supply Paper 1866-B.

INTRODUCTION

In late December 1964 and January 1965 the Far Western States
were subjected to extreme floods; in many areas, the greatest in the
bistory of recorded streamflow and substantially greater than those
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of December 1955. Intense flood-producing rains fell in Oregon, most
of Idaho, the northern half of California, the southern part of
Washington, and small areas in western and northern Nevada. The
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areas of severe flooding are shown in figure 1. The total area
encompassed was about 200,000 square miles, substantially greater
than that affected by the memorable floods of December 1955.

The floods caused the loss of at least 47 lives and direct property
damage of more than $430 million. The flood damage was most severe
in northern and coastal California and in the Willemette River
basin in Oregon. The indirect damage caused by the floods was in-
calculable and consisted of losses in salaries and business volume,
reduced crop production, reduced industrial production, traffic delays
and rerouting, reduced tourist trade, and losses in other intangible
items affecting the general economy and welfare. The extensive
reservoir and flood-control facilities particularly in the San Joaquin
River and Sacramento River basins in California and in the Wil-
liamette River basin in Oregon, substantially reduced the magnitudes
of the downstream flood peaks and prevented potentially far greater
flood damage.

The storm period December 19-January 31 included three prin-
cipal storms. The December 19-23 storm was the greatest in overall
intensity and areal extent and generally caused the lighest flood
peaks. The January 2-7 storm produced extreme floods in some
basins in California. The January 21-31 storm produced maximum
stages in some streams in northeastern Oregon and southeastern
Washington and caused a repetition of extreme stages in part of
the Willamette River basin and in some basins in coastal Oregon.
Intermittent storms from December 24 to January 1 throughout
most of the area caused minor peaks and generally maintained
streams at or near flood stage.

This report provides detailed hydrologic data supplementing the
data on stage and discharge and sediment concentration and load
published in the annual streamflow and water-quality reports of the
U.S. Geological Survey. These data have various uses, as in flood-
control planning, water-resources development, design of structures
for water storage or control, design of structures on flood plains,
and other aspects of water use and management that involve flood
hydrology.

Part 1 of this report presents a general description of the floods
and includes information on precipitation during the flood period,
characteristics of the floods in the major basins, flood damage,
effects of storage regulation, and flood-crest stages. Tables summariz-
ing flood stages and discharges and sediment concentrations and
loads are included. Station descriptions and detailed data on stages
and discharges and sediment concentration and load are presented
as part 2.
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To facilitate presentation of the data, the area of severe flooding
has been divided into seven subareas, or hydrologic regions, as
outlined in figure 1. These subareas are identified as the Great
Basin, San Joaquin River and Sacramento River basins, north-
coastal California, upper Columbia River and Snake River basins,
lower Columbia River basin, Willamette River basin, anc coastal
Oregon. Data are also included for a small area in Washington
affected by the late January storm. Nearly all topics in this report
are discussed individually for each of the subareas, thus enabling
the reader interested in a particular subarea to readily oktain the
pertinent information.

All sites at which data on stage and discharge are available,
including sites where data on sediment concentration and load were
obtained, are numbered consecutively in downstream order and in the
same sequence of parts—from part 10 through part 14—used in
the annual Geological Survey reports “Water Resources Data.” In-
cluded in the numbering are gaging stations, reservoir stations,
partial-record stations, and miscellaneous sites. References in the
text presenting quantitative data for flood-determination points use
these numbers (in parentheses) to identify the sites. The range of
numbers for the sites in each subarea at which hydrologic data
were collected is shown in figure 1. The location of each site is
shown on the map included with the description of floods for each
region. In the summary tables and in the station-data presenta-
tions, the permanent network-station number is also given for addi-
tional identification.

The hydrologic terms and abbreviations used in this report are
defined as follows:

1. Acre-foot (acre-ft) is the quantity of water required to cover
1 acre to a depth of 1 foot and is equal to 43,560 cubic feet
(325,851 gals).

. Bedload is the sediment that moves by sliding, rolling, or skip-
ping on or very near the streambed; the sediment is moved by
tractive or gravitational forces, or both, at velocities less than
that of adjacent flow.

3. Contents is the volume of water in a reservoir or lake. Unless
otherwise indicated, contents is computed on the basis of a
level pool and does not include bank storage.

4. Cubic feet per second (cfs) is the rate of discharge. One cubic
foot per second is equal to the discharge of a stream of rec-
tangular cross section, 1 foot wide and 1 foot deep, flowing
at an average velocity of 1 foot per second.

. Drainage area of a stream at a specified location is that area,

o
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measured in a horizontal plane, which is enclosed by a drain-
age divide. Figures of drainage area given herein include all
closed basins, or noncontributing areas, unless otherwise noted.

6. Gage height is the water-surface elevation referred to some

arbitrary gage datum. Gage height is often used interchange-
ably with the more general term “stage,” although gage height
is more appropriate when used with a reading on a gage.

Gaging station is a particular site on a stream, canal, lake, or

reservoir where systematic observations of gags height or
discharge are obtained.

8. Miscellaneous site is a site other than a gaging station, sediment
station, or partial-record station, where data pertaining to a
specific hydrologic event are obtained.

9. Partial-record station is a particular site where limited hydro-
logic data are collected systematically for a period of years.

10. Particle size is the diameter, in millimeters (mm), cf suspended
sediment or bed sediment. A classification recommended by
the Subcommittee on Sediment Terminology of the American
Geophysical Union (Lane and others, 1947, p. 937) defines a
particle having a diameter of less than 0.004 mm as clay;
between 0.004 and 0.062 mm as silt; and between 0.062 and 2.0
mi as sand.

11. Runoff is that part of the precipitation that appears in surface
streams. It is the same as streamflow unaffected by artificial
diversions, storage, or other works of man in or on the stream
channels. Runoff, given in inches (in.), is the depth to which
the drainage area would be covered if the runoff for a given
time period were uniformly distributed over the surface.

12. Sediment is fragmental material that originates from weather-
ing of rocks and is transported by, suspended in, or deposited
by water or air or is accumulated in beds by other natural
agencies.

13. Sediment concentration is the weight of dry solids divided by
the weight of water-sediment mixture and is expressed in parts
per million (ppm).

14. Sediment discharge is the rate at which dry weight of sediment
passes a section of a stream or is the quantity of sediment, as
measured by dry weight or by volume, that is discharged in a
given time.

15. Sediment load is the sediment moved by a stream, whether in
suspension or at the bottom. It is synonymous with “sediment
discharge” in this report and is used to avoid possible con-
fusion between stream discharge and sediment diccharge.

=T
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16. Sediment station is a river section where samples are teken each
day, or periodically.

17. Stage-discharge relation is the relation between gage height and
the amount of water flowing in a channel, expressed ¢s volume
per unit of time.

18. Streamflow is the discharge that occurs in a natural channel.
Although the term “discharge” can be applied to the flow of
a canal the word “streamflow” uniquely describes the dis-
charge in a surface stream course. The term “streamflow” is
more general than the term “runoff,” as streamflow may be
applied to discharge whether or not it is affected by diversion
or regulation.

19. Suspended load is the sediment that moves in suspension. It is
transported at essentially the velocity of water.

20. Suspended sediment is the sediment that at any given time is
maintained in suspension by the upward components of turbu-
lent currents or that exists in suspension as a colloid.

21. Tons per day is the unit used in this report to express the quan-
tity of sediment that passes a stream section during a 24-hour
period.

29. Total sediment load is a term used in this report for the sedi-
ment load computed at a few sites. It includes sediments both
moved in suspension and at the bottom.

A preliminary report (Rantz and Moore, 1965) contained selected
streamflow and sediment data available, as of February 15, 1965,
for the floods in December 1964.

Special reports have been prepared for previous notable floods
in the area that was flooded during December 1964 and January
1965. The floods of December 1955-January 1956 in the Far Western
States, reported by Hofmann and Rantz (1963 a, b) were tl'e greatest
of record for much of the area. The water-supply papers in which
these reports have been presented. and the dates of occurrence and the
areas affected by these floods are given in the following tabulation.

Water-
Supply
Paper Date Region

96 June 1903 ___ . ________________ Heppner, Oreg.

843 December 1937 . _____________. Northern California.

968-A Flood runoff, 1813-1938 __._____. Willamette Valley, Oreg.
1080 May-June 1948 _______________ Columbia River basin.
1137-E October-November 1950 _______ Southwestern Oregon and north-

western California.

1137-F November—December 1950 _____ Central Valley region, Ctlifornia.

404-080 O - 71 -~ 2
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Water-

Supply

Paper Date Region

1137-H  November-December 1950 _____ Western Nevada.

1260-D January 1952 _________________ South San Francisco Bay region,
California.

1260-D Snowmelt flood, 1952 __________ Kern River, Tulare Lake, and
San Joaquin River | asins,
California.

1320-D January 1958 ________________ Western Oregon and northwestern
California.

1530 January, February 1956 _______ California.

1530 May 1956 - . Idaho.

1530 July 1956 . Nevada.

1530 January, July, December 1956_ Oregon.

1530 February, August 1956 ________ Washington.

1650-A December 1955-January 1956 __ Far Western States (Part 1,
Description).

1650-B December 1955-January 1956 __ Far Western States (Part 2,
Streamflow Data).

1652-C February 1957 _______________ Washington, Oregon, and Idaho.
1652-C May and June 1957 ___________ Idaho.
1660-B February, April 1958 __________ Jalifornia.
1660-B February, May-June 1958 _____ Idaho.
1790-B February 1960 . ___________ California.
1790-B March, July—-August 1960 —_.___. Idaho.
1790-B November 1960 ___.____________ Northwestern Oregon and southern
‘Washington.
1810 February, August and
September 1961 ____________ Idaho.
1810 May to June 1961 _____________ Columbia River basin.
1820 February 1962 ________________ Southern Idaho and northern
Nevada and Utah.
1820 October 1962 _________________. Northern California.
1820 November 1962 _______________ Southwestern Washington.
1830-A January-February 1963 _______. California and Nevada.
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THE STORMS

The flood-producing conditions from November 1964 through Jan-
uary 1965 in northern and central California, Idaho, western Nevada,
Oregon, and southern Washington included rains of unprecedented
intensity and volume for such a vast area. The widespresd intense
rains of late December were followed by a storm of more limited
extent in early January in California and another in late January,
mainly in eastern Oregon and southeastern Washington. The prin-
cipal storm period, December 19-January 31, was preceded by minor
storms that primarily affected coastal areas, but also extended, with
less effect, over much of the flood area. These antecedent storms
caused moderate runoff in the coastal areas early in December. An
Arctic airmass spread over much of the northern part of the flood
area December 14-18, partly froze some of the ground, and generally
produced conditions favorable for high runoft.

Fairly heavy precipitation began late December 18, but meteoro-
logical conditions gave no indication that storms of unusual in-
tensity would follow. A high-pressure airmass over the Pacific Ocean
occupied most of the ocean area between Hawaii and Alaska, ef-
fectively blocking the migration of moist tropical air to the west
coast. Because the storm track was on the north side of the Pacific
high, from the Gulf of Alaska to Oregon and northern California,
the initial storm precipitation December 18-20 was accompanied by
low temperatures and consisted largely of snow in the northern
latitudes and at higher altitudes of the flood region.

Progressive erosion of the Pacific high in the subtropics northeast
of Hawaii December 20 allowed subsequent storms to move across
the Pacific Ocean at successively lower latitudes before they turned
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to the west coast. A storm track 500 miles wide extending from the
western Pacific near Hawaii to Oregon and northern California was
thus established. The concurrent outbreak of extremely cold air from
the Arctic region mixing with the warm moist air about 1,000 miles
west of the coast intensified the storm systems as they moved
rapidly toward the mainland. The combination of moist unstable
airmasses, strong west-southwest winds, and the orographic effect
of mountain ranges oriented nearly at right angles to the flow of
air resulted in torrential rain December 21-23. Temperatures rose
sharply during this period; the freezing level rose to altitudes as
high as 10,000 feet above mean sea level; and almost all precipitation
was in the form of rain. Precipitation rates in excess of 8 inches in
24 hours were reported at a few precipitation stations in Oregon
and were fairly commonplace in the mountains of California. Such
widely separated stations in California as Whiskeytown Reservoir
in the IKlamath Mountains, Richardson Grove in the Coast Ranges,
and Lake Spaulding in the Sierra Nevada reported more than 11
inches in 24 hours. A 24-hour total of 15 inches was reported at
Ettersburg in the Mattole River basin in north-coastal California. A
surge of rising pressure moved into the ocean area northeast of
Hawaii December 24-31 and cut off the flow of warm moist air to the
mainland. The weather pattern changed drastically: for several days
heavy snow extended down to low altitudes, and intermittent rain
and hail fell near sea level.

The air-circulation pattern early in January included a trough of
low pressure along the Pacific coast, which caused heavy precipitation
in the coastal areas January 2-7. Storminess associated with cy-
clonic airflow in the eastern Pacific area again caused heavy pre-
cipitation in the Pacific Northwest during the January %1-31 storm,
the heaviest being in the western parts of Oregon and Washington.
Though precipitation was not as great east of the Cascade Range,
it was unusually heavy for that area. These rains, in combination
with above-normal temperatures and resulting snowmelt runoff,
caused severe flooding.

Measurable precipitation occurred on as many as 50 days in De-
cember and January at many stations in coastal areas of California
and Oregon. More than 60 inches of precipitation was racorded for
the 2 months at several stations in the Sierra Nevada and the coastal
areas; a maximum of nearly 69 inches was reported at Valsetz, 30
miles west of Salem, Oreg. The recorded runoff at several gaging
stations in north-coastal California and coastal Oregon indicates that
greater precipitation probably occurred at higher altitudes, but pre-
cipitation data for the higher altitudes are scanty. The meteorology
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THE GREAT BASIN

Minor storms in November and early December brought near-
normal precipitation to most of the flood-affected area in the Great
Basin. Precipitation was heaviest in the mountain areas in California,
where more than 10 inches. occurring mostly as snow, was reported.
By December 18 the snowline on the eastern slope of the Sierra
Nevada was at an altitude of 6,000 feet above mean sea level; snow
depth was 30 inches at the 8,000-foot altitude, while ground condi-
tions were moderately dry in the Truckee River and Carson River
basins and other valley areas.

A series of Pacific storms December 18-January 7 began with a
cold storm December 18-20 that deposited 2-5 inches of precipitation,
mostly snow, in the Sierra Nevada. During the major phase of the
storm December 21-23. the incoming warm airmass raised tempera-
tures rapidly, increased wind velocities, and caused torrential rain,
as much as 16 inches. in the mountain areas. The warm winds and
heavy rains melted most of the new snow that had accumulated at
low altitudes and compacted the snow at higher altitudes. From
December 26 to January 1, moderately intense cold-type storms
swept over the Sierra Nevada, and the resulting precipitation
occurred principally as snow. A precipitation total of £3.03 inches
for December was recorded at the Mount Rose Highway Station
southwest of Reno, Nev., the greatest monthly total ever recorded
in Nevada. December precipitation of 30.79 inches was recorded at
Meyers Inspection Station, Cahf.. south of Lake Tahoe.

The storms of January 2-7 and 21-31 were not particularly note-
worthy in this region, but, because the ground was saturated from
previous rain. the flows in the streams remained high for most of
January. Precipitation in December was three to four times normal
throughout the region, whereas the precipitation in January was
about 150 percent of normal.

SAN JOAQUIN RIVER AND SACRAMENTO RIVER BASINS

The great storm of December 19-23, 1964, in the Sen Joaquin
River and Sacramento River basins in California was preceded
by 2 months of wet weather. Precipitation in November was about
200 percent of normal—10-15 inches, mostly snow, in the mountains
and 2-5 inches of rain in the valleys—and oceurred principally dur-
ing the periods November 8-13 and 22-29. Precipitation December
1-18 was moderate in the eastern part of the region and low in
the valleys. By December 18 the Sierra Nevada areas of the northern
San Joaquin River and Sacramento River basins were moderately
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wet and the snowline in the mountains extended down to about the
5,000-foot altitude. The snowpack at an altitude of 7,500 feet on the
western slopes of the Sierra Nevada had an unseasonally high
density of about 35 percent (specific gravity of the snovpack ex-
pressed as a percentage) and depths of about 30 inches.

The cold storm of December 18-20, the initial phase of the series
of storms from December 18 to January 7, deposited snow down
to the 3,500-foot altitude. About 5 inches of precipitation occurred
in the Mount Shasta area and the upper Feather River and Yuba
River basins and about 2 inches in the northern Coast Ranges and
in the south-central Sierra Nevada. During the warmer mejor phase
of the December 21-28 storm, 20-25 inches of rain fell in the head-
water areas of the Feather River, Yuba River, and American River
basins; as much as 15 inches in the upper Mokelumne River and
Stanislaus River basins; and morve than 7 inches in the upper San
Joaquin River basin. Rainfall in the valley areas and adjecent foot-
hills was relatively light, generally less than 5 inches. The warm
winds and heavy rains melted most of the new snow at the lower
altitudes, but at the higher altitudes the existing snowpack inter-
cepted and retained much of the rain. In the Yuba River basin, for
example, the snowline rose to 6,000 feet and snow depth decreased
at altitudes of less than 8,000 feet. Snowmelt contributions to the
maximum flows, however, were minor. Until December 22, the day of
peak runoff, snowmelt is estimated to have added less then an inch
of water to the 15 inclies of rain that had fallen in the basin, but
an additional inch of water from snowmelt increased the volume of
runoff in the recession period after the peak.

During the storms of December 24-January 1 rain fell at low
altitudes, causing repeated rises on many streams, and snow fell else-
where. The snowline in the Sierra Nevada and the nortlern Coast
Ranges was as low as 2,000 feet. A small-area storm of high intensity
occurred December 26 over the mountain slope south of O-oville and
caused record runoff in South Honeut Creek, a Feather River tribu-
tary. In parts of the Feather River, Yuba River, and American
River basins, the quantity of precipitation during the December
storms exceeded that during the floods of December 1955.

Precipitation during the January 2-7 storm was notably heavy
in parts of the San Joaquin River and Sacramento River basins;
10-15 inches occurred as rain and snow in the upper Feather River
and Yuba River basins and in the Coast Ranges. January 5 an
intense local storm crossed the Sacramento Valley north of the
town of Red Bluff and caused flood peaks, equaling or exceeding

those in December, in some of the small tributaries of the {facramento
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River. The January 21-31 storm was minor; precipitation was less
than 5 inches throughout the area. In the northern part of the
Sacramento River basin the precipitation in Januavy occurred
largely as snow, and at Red Bluff the snowfall during the month was
the greatest for any month since 1950. The town of Mount Shasta
received above-normal precipitation for the third consecutive month;
the 3-month total was 26.17 inches. The total precipitation for
November, December, and January, recorded at Blue Canyon Air-
port (in the Amervican River basin), was 69.13 inches, 40.44 inches
greater than normal. Precipitation during December in the Sacra-
mento River basin as a whole averaged 290 percent of normal, and
that in the Yuba River basin was about 400 percent of normal. High-
altitude areas in the central and northern Sierra Nevada, the
Cascade Range, and the northern Coast Ranges received as much as
one and a half times normal precipitation during January, but at
most valley stations in central and northern California the amounts
recorded were below normal.

NORTH-COASTAL CALIFORNIA

Heavy precipitation in November and during the first few days in
December, as much as 21 inches in some areas in north-coastal
California, caused significant runoff during November, end streams
were at moderate stages in early December. The November precipita-
tion occurred principally during the periods November 8-13 and
22-30 and ranged from about three times normal in northern Cali-
fornia to about twice normal in the Eel River and Russian River
basins. These rains replenished the soil moisture and caused the
first surface runoff of the winter season. Precipitation December
1-18 varied from about twice normal in the northern part of the
region to near normal in the Russian River basin. This precipita-
tion maintained the saturated soil conditions, and substantial snow
accumulated in the higher altitudes of the Cascade Range and the
Coast Ranges down to altitudes of about 4,500 feet.

The December 19-23 storm was of unprecedented intersity in the
region. The freezing level was about 10,000 feet for most of the
period December 21-23, and almost all precipitation was rain. The
orographic effects on the precipitation are reflected in the isohyets
shown in figure 2, which indicate maximum rainfall on the windward
side of the coastal mountain barriers and minimum rainfall in the
rain shadows of these barriers. Extreme rainfalls of nearly 50
inches occurred at Ettersburg in the Mattole River basin during
December 19-23; 15 inches occurred December 22. More than 25
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inches of precipitation occurred during this same period in parts of
the Russian River, Eel River, and Smith River basins.

From December 24 through January 1 the flow of warm moist
air to the coast was cut off by a high-pressure surge, followed by
low pressure and by cold air from the Arectic region. Pre-ipitation
occurred generally as snow at altitudes of more than 1,500 feet
and as rain at lower altitudes. The January 2-7 storm was marked
by a rise in the freezing level to about 3,500 feet. Pre-ipitation
was moderate, the heaviest amounts being in the southerly basins,
where as much as 15 inches was recorded in the Russian River basin.
Runoff was maintained at high levels; in basins south of the Russian
River the runoff was sufficient to cause peaks greater than those in
December. The January 21-31 storm was generally of minor im-
portance, but streamflow was sustained at moderate levels.

The December precipitation in the basins of north-coastal Califor-
nia averaged about 260 percent of normal, ranging from 210 per-
cent In the Russian River basin to 8300 percent in the Klamath
River basin. Measurable precipitation oceurred on 27 days in Decem-
ber at Covelo in the Middle Fork Eel River basin and on at least
23 days at many stations in the region. In January the precipita-
tion averaged a little above normal; amounts nearly 40 percent
above normal were recorded in the upper Russian River basin, but
were as low as 70 percent of normal at Fort Bragg.

UPPER COLUMBIA RIVER AND SNAKE RIVER BASIN™

General rains in late November replenished soil moisture and
caused small rises in most of the streams in the region. The tempera-
ture was mild in early December, with widespread rain and snow,
but during December 16-18 very cold air of Arctic origin covered
much of the Pacific Northwest east of the Cascade Range. Tempera-
tures dropped to minimums of 10°-30°F below zero and maximums
of 0°-15°F above zero, causing icing in streams and considerable
frost penetration into the ground. December 19 a deep south-
westerly airflow brought warm air aloft, moderate temperatures at
the ground surface, and snow. The warm subtropical air reached
down to the ground surface by December 21, maximum tempera-
tures rose from about 30° to about 60°F above zevo., and tle freezing
level ranged from altitudes of 10,000 to 12,000 feet above mean sea
level. Moderate to heavy rain occurred December 21-23. Prior to this
warming, the snow depths in the valleys ranged from a few inches
at low altitudes to several feet at the higher altitudes. The heavy
prolonged rains on the frozen ground and sudden extensive snow-
melt produced heavy runoff in streams throughout the region. The



A20 FLOODS, DEC. 1964 AND JAN. 1963, FAR WESTERN STATES

precipitation, which was exceptionally heavy for the region, exceeded
2 inches in 24 hours at many stations; 3.39 inches was recorded
at Mullan Airport near Wallace, Idaho, December 22. A maximum
of 8.14 inches of precipitation for the December 19-22 storm was
recorded at Deadwood Dam, about 55 miles northeast of Boise,
Idaho. During the period December 24-January 7 temperatures
were generally subnormal, and snow fell almost daily. The saturated
soils were refrozen, and snow accumulated to depths of 3-12 inches
in the lower valleys.

During January 20-26 a series of Pacific storms dropped the
freezing level to about 4,000 feet and caused almost daily rain in the
valleys and snow at the higher altitudes. After January 26 the
freezing level rose to about 8,000 feet and precipitation intensities
increased; the heaviest rain occurred January 28-29. Precipitation
during the January 21-31 storm was notably heavy in northeastern
Oregon, southeastern Washington, and north-central Idalo. As much
as 7.38 inches was recorded at Meacham, 20 miles northwest of
La Grande, Oreg.; 8.79 inches, 13 miles east-southeas’ of Walla
Walla, Wash.; and 7.71 inches, at Elk River, 40 miles east of
Moscow, Idaho. Precipitation exceeding 5 inches occurred also during
this period in a small area north of Boise, Idaho; 5.76 inches was
recorded at Idaho City. These heavy rains produced recordbreaking
floods having recurrence intervals greater than 50 years in some
basins, notably the Grande Ronde River basin in Oregon.

December precipitation was above normal throughout the region,
ranging from about twice normal in the northern part of Idaho to
four to five times normal in the northerly tributaries of the central
Snake River basin. The 16.61 inches for December at Deadwood Dam
was the maximum reported in the region. At many stations the
precipitation for the month was the heaviest on record for December
and at some stations exceeded the previously recorded maximum for
any month. January precipitation averaged from one and a half to
two times normal over most of the region; at Riggins Ranger Sta-
tion, in north-central Idaho, the total for the month was five times
normal and was greater than that for any previous month on record.
Snow surveys in late January indicated the water equivalent of the
snowpack was more than 150 percent of the 15-year average.

LOWER COLUMBIA RIVER BASIN

The lower Columbia River basin, as outlined in figure 1, includes
areas of contrasting climatic characteristics in both Oregon and
Washington. The upper part of this basin normally has cool winters
with low precipitation, and the lower part, especially that part down-
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stream from Portland, Oreg., has a maritime climate that is mild
and moist in winter.

November precipitation was about normal in most of the region
but was about 150 percent of normal in the lower valley. The
quantity was sufficient to replenish soil moisture and produce small
rises in streams in parts of the region. The weather was generally
mild in early December, and moderate precipitation occurred, partly
as snow. The Wind River basin and adjacent areas in Weshington,
however, received as much as 12 inches of precipitation December
1-18. Cold Arctic air moving in from British Columbia December
14-15 covered most of the Pacific Northwest by December 18. The
interaction of this cold air and the warm moist tropical air from
the Pacific Ocean December 18 brought a series of Pacific storms and
heavy precipitation that continued until the end of the month. The
precipitation December 18-19 occurred as snow, which accumulated
in the valleys and added several feet to the snowpack in the
Cascade Range. The meeting of cold air from the interior and moist
marine air created violent blizzard conditions and heavy snow in the
Columbia River Gorge—a near sea-level passage through the Cas-
cade Range. Temperatures in the region rose rapidly December
19-20, and precipitation changed from snow to rain. Total precipita-
tion for the December 19-23 storm ranged from less than an inch at
Echo, near Pendleton, Oreg., to more than 10 inches in the northern
Cascade Range in Oregon and the lower Columbia River valley;
15.12 inches was recorded at Wind River, Wash., near Bonneville
Dam.

The snowpack at medium and higher altitudes retained most of
the initial rain; however, as the rains continued with increased in-
tensity, the medium altitude snowpack collapsed, and there was
resultant sudden runoff of meltwater. At Government Camp, Oreg.,
near Mount Hood, for example, at 8,900 feet above mean sea level,
the snow depth December 20 was 55 inches, and its water equivalent
was 5.44 inches. In the next 24 hours 1.57 inches of rain vras added,
and the pack was compacted to a depth of 45 inches; by December 23,
after an additional 9 inches of rain, only 6 inches of snow re-
mained. Assuming 3 inches of water in the saturated 6 inches of snow
remaining December 28, approximately 13 inches of ‘water was
available for infiltration and runoff. The low temperatures preceding
the storm had frozen the top layers of the saturated soil; conse-
quently, the runoff from rain and snowmelt was rapid at tris altitude
and caused severe flooding.

The time distribution of snowmelt during the flood period is
illustrated in figure 5, which is based on records obtained by Beau-
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mont (1965) at a pressure-pillow snow gage installation. The pres-
sure pillow, a device for measuring the water equivalent of a snow-
pack, was 12 feet in diameter and was operated by the U.S. Soil
Conservation Service near Phlox Point on the south slope of Mount
Hood, Oreg., at an altitude of 5,500 feet. The simultaneous data on
air temperature, accumulative precipitation, and water equivalent of
snow demonstrate the effect of rain on a deep snowpack. The water
equivalent of the snowpack increased from 21.18 inches December
18 to 25.3 inches December 21, decreased to about 24 inches December
23 during rain, and then rose to 25.56 inches December 24 as
temperatures dropped at the end of the storm. The net increase in
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FIGURE 5.—Time distribution of snowmelt, as indicated by simultaneous records
of air temperature, precipitation, and water equivalent of snow at pressure-
pillow snow gage at Phlox Point on Mount Hood, Oreg.. December 16-24, 1964.
Modified from Beaumont (1965).
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water equivalent was only 4.4 inches during the storm period al-
though 9.2 inches of precipitation was recorded. The balance of 4.8
inches was contributed to infiltration and runoff as a result of some
snowmelt and passage of rainwater through the snowpack. This loss
of 4.8 inches at an altitude of 5,500 feet contrasts with the net
loss of about 13 inches at an altitude of 3,900 feet at Government
Camp.

The continuing intermittent storms December 24-Januar 1 were
accompanied by lower temperature, and the precipitation occurred
largely as snow. The quantities of precipitation were generally minor,
except in the Columbia River Gorge and the lower Columbia River
valley, where more than 4 inches was common; 6.09 inches was
recorded at Clatskanie, Oreg., 30 miles east of Astoria.

Precipitation during the January 2-7 storm again was relatively
minor in much of the region and occurred principally as snow. In
the coastal areas of Washington, gale-force winds and the flow of
warm moist Pacific air caused heavy snow in the Coast and Cascade
Ranges. Snow accumulated in the valley areas also—in the lower
valleys of southwestern Washington it accumulated to depths of
5-15 inches. Precipitation in the lower part of the Columbia River
valley was more than 3 inches; 6.71 inches was reported at Wind
River, Wash. East of the Cascade Range temperatures remained
subnormal until January 10, much of the soil stayed frczen, and
snow accumulated to depths of 3-12 inches in the lower valleys;
by January 19, however, the temperatures had risen and the freezing
level also rose. The new series of storms that reached the coast
January 19 caused the freezing level to drop to about 4,000 feet
during the period January 20-26 and brought heavy snow to most
of the region. A sharp warming trend January 26 again raised
temperatures, and the precipitation intensities increased. Rain Jan-
uary 28-29 was heavy in the eastern part of the region and in the
Cascade Range. Precipitation for the January 21-31 storm was 5.29
inches at Granite in the Blue Mountains in eastern Oregon. The
high runoff from rain and snowmelt produced record floods on some
streams in the upper John Day River basin in central Oregon.
Total precipitation for the January 21-31 storm exceeded 10 inches
in the Cascade Range and foothills, and 17.59 inches was recorded
at Government Camp, Oreg. For the same period a total of 13.87
inches was recorded at the Astoria (Oreg.) Experiment Station in
the lower Columbia River valley.

The total precipitation for December was about three times normal
in the eastern part of the region and in the Cascade Range and
about 150 percent of normal in the lower Columbia River walley. In

404-080 O - 71 - 3
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January the total precipitation was more than twice normal in the
eastern part and about 150 percent of normal in the lower Columbia
River valley.

WILLAMETTE RIVER BASIN

The Willamette River basin received an average of 9.5 inches of
precipitation in November on the valley floor and nearly 13 inches
in the Cascade Range. This precipitation, which was more than 130
percent of normal, saturated the soils in the basin aud produced
moderate rises in the streams. Temperatures were moderate during
the first half of December and above-normal precipitation fell
generally as rain; snow fell at higher altitudes.

Cold Arectic air moving into northeastern Oregon December 14-15
had spread to the Willamette River basin by December 16. Below-
freezing temperatures were general, and minimum temperatures in
the Willamette Valley ranged from 2° to 12°F above zero. December
18 a major storm, resulting from the confluence of this cold air
and warm moist tropical air from the Pacific Ocean, reached the
Oregon coast. In the next 24-36 hours precipitation fell principally
as snow, which accumulated on the valley floors of the middle and
lower Willamette Valley, reached depths of 1 foot in the Coast
Range, and added several feet to the snowpack in the Cascade Range.
Temperatures rose sharply December 19-20, and the heavy precipita-
tion of December 20-23 occurred as rain and melted a large part of
the snowpack below the 5,000-foot altitude. Precipitaticn December
19-23 exceeded 15 inches at several stations on the west slope of the
Cascade Range; 17.90 inches was reported at Marion Forks Fish
Hatchery, 60 miles east of Albany, and more than 10 inches was
recorded at many stations throughout the region. Daily precipitation
exceeded 4 inches at several widely scattered stations; 5.83 inches
was reported December 22 at the Marion Forks Fish Hatchery.
Because the soils had been saturated by prior rains and some surface
layers had been frozen by the low temperatures preceding the storm,
the mnfiltration of water into the soil was minor; thus, runoff from the
heavy rain and from the snowmelt was rapid and immedicte.

The storms continued during the period December 24 through
January 7, but temperatures were lower. The precipitation occurred
largely as rain, with some snow at higher altitudes, and was as
much as 12.18 inches at McKenzie Bridge, 50 miles east of Eugene,
December 24-January 1. The precipitation for the January 2-7
storm was relatively minor.

Temperatures in early January were moderate, and freezing level
rose to an altitude of about 10,000 feet by January 19. Another series
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of Pacific storms reached the coast January 19 and extended over
the Willamette River basin by January 20. Freezing level dropped
to about 4,000 feet January 20-25, and rain was moderate. After
January 25 temperatures rose again and the freezing level also
rose. Precipitation intensities increased; daily totals exceeded 2
inches at many stations January 27-29, and 4.28 inches was reported
at Oregon State University at Corvallis January 28. In much of the
region, the totals for the January 21-31 storm were corparable
to those for the December 19-23 storm; they exceeded 15 inches in
the Cascade Range (at the town of Detroit and at Santiam Pass)
and in the Coast Range (at Summit and the Corvallis Water Bureau
station). The runoff from the heavy rain and the melting of much of
the snowpack that had accumulated earlier in the month again
produced flows nearly as great as the maximum flows in December.

The total precipitation for December ranged from 10 to 35 inches
in the Willamette River basin, about twice the normal precipitation
in the valley and two and a half times the normal in the Cascade
Range. The total precipitation for January was about one and a
half times the normal.

COASTAL OREGON

Storms November 1-14 and 21-30 brought heavy precipitation to
coastal Oregon. The precipitation averaged about one and a half
times the normal for the month in this notably wet region and
caused substantial surface runoff. Precipitation for November ex-
ceeded 15 inches at many stations; a maximum of 25%7 inches
was reported at Valsetz. During the first half of December, tem-
peratures were moderate, rain was frequent, and precipitation was
above normal.

Cold Arctic air moved southward December 16 and brought below-
freezing temperatures to nearly all parts of coastal Oregon. The
confluence of this cold Arctic air and warm moist tropical air from
the Pacific Ocean late December 18 started a series of Pacific storms
that brought heavy precipitation to the Oregon-northern California
coast. This precipitation occurred December 18-19; it fell largely as
snow that accumulated to depths of 1 foot in the coastal ranges.
By the evening of December 19, freezing levels were rising rapidly,
and the precipitation changed from snow to rain. The stcrms con-
tinued through the month, and torrential rains occurred December
19-23. The rains and melting of the snowpack Decemker 19-23
produced high rates of runoff from the saturated and slowly thaw-
ing ground, and this caused extreme floodflows in the stresms. The
precipitation for the December 19-23 storm was as much as 21.19
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inches near llahe in the Rogue River basin in southwestern Oregon;
the rainfall December 22 was 8.23 inches. Toward the end of the
storm, after the flood peak, colder air caused the precipitation to
change from rain to snow at the higher altitudes. T™e December
precipitation of 41.43 inches near Illahe was the maximum reported
in the region; the second highest value, 40.25 inches, was reported
at Valsetz. Precipitation occurred 27 days or more during the month
at nearly all stations.

The January 2-7 storm was relatively minor and, together with
intermittent precipitation January 8-11, maintained s»ils at near-
saturation levels. Another series of Pacific storms reaclted the coast
about January 19, and the lowered freezing levels caused some of
the January 21-25 precipitation to fall as snow at the higher alti-
tudes. The rainfall intensities increased greatly January 25, and
temperatures well above freezing extended to higher altitudes. The
rainfall January 28 was 4-7 inches at several points in the coastal
area near Newport; 7.44 inches was reported at Otis. THo precipita-
tion for the January 21-31 storm was generally less than that for
the December 19-23 storm; however, in the central part of the
region, from Reedsport on the Umpqua River to Tillamook, the
precipitation for the January 21-81 storm was substantially greater
—21.40 inches was recorded at Valsetz. In late Januarv, discharge
in many coastal streams exceeded that in December ard continued
to be high until early February.

Precipitation for December and January averaged about one and
a half times the normal, although at some stations it wes more than
twice the normal.

MINOR AREA OF FLOODING IN WASHINGTON

A small area in Washington in the upper White River and Green
River basins, centered about 30 miles east of Tacoma (fig. 1) and
about 25 miles north of Mount Rainier, experienced severe flooding
in January as a result of the January 21-31 storm. However,
December precipitation and runoff in the area, though substantial,
were not unusual, and the area was not included as part of the
vast region affected by the floods resulting from the December 19-23
storm.

Precipitation—muearly 9 inches in November and about 10 inches
in December—generally was above normal for this small area; how-
ever, 140 and 120 percent of normal for the 2 months was reported
at Buckley at the west edge of the flood area. Precipitation for the
December 19-23 storm ranged from 4 to 6 inches. After December 24
air temperatures were lower, and precipitation occurred principally
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as snow. In early January a southwesterly flow of moist air accom-
panied by gale-force winds caused heavy snow in the foothills and
the Cascade Range; snow fell almost daily until January 10. The
total precipitation in this small flood-affected area, however, was
minor. January 19 a new series of storms reached the area. Pre-
cipitation fell largely as snow until January 25 when a sharp
warming trend caused a change from snow to rain and an increase
in intensity. Heavy rains fell January 27-29. Precipitatior for the
January 21-31 storm was 13.39 inches at Greenwater in the middle
of the area, and 14.75 inches at Cedar Lake just north of the area;
3.62 inches of the 13.39 inches at Greenwater fell on January 28.
A daily total of 5.05 inches was recorded January 29 near Palmer.
The generalized precipitation distribution for the January 21-31
storm is shown in figure 4. The precipitation for January averaged
more than 150 percent of normal throughout the area.

GENERAL DESCRIPTION OF FLOODS

Weather patterns and precipitation during November and early
December in parts of California and Nevada and in the Pacific
Northwest produced conditions highly favorable to heavy runoff
and sediment production. Precipitation in November was greater
than normal and caused some minor flooding, notably in coastal
areas of northern California and Oregon. The occasional rains in the
first half of December maintained soil moisture at high levels. The
low temperatures of mid-December froze the top few inches of the
saturated soil in many areas, and this situation further increased
the potential for rapid runoff and serious erosion. A substantial
snowpack that had accumulated in mountain areas prior to the
December 19-23 storm provided a potential source of runof’ and was
augmented by heavy snow December 19-20.

Runoff responded dramatically to the intense warm rains of De-
cember 21-23. Streams rose quickly, spilled over their banks, and
brought destruction and tragedy to a vast area. Exactly 9 years
carlier in December 1955, most of these same streams rampaged
wildly and created unprecedented disaster. In many areas in Oregon
and northern California, the 1964 floods were greater than those of
1955; some peak stages not only exceeded those of 1955, but closely
approached or were even greater than those of the almost legendary
1861-62 floods. The floods of December 1964 did not extend as far
south as those of December 1955, but they covered a much lerger area
in Oregon and Idaho. Also, the floods were of recordbreaking magni-
tude on many streams in southern Washington, whereas this area
experienced only minor flooding in 1955.
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Some generalizations may be made concerning the runoff and
sediment loads resulting from the December 19-23 storm. The coastal
areas of California and Oregon had relatively little snow prior to
this storm, and intense runoff resulted from the extremely heavy
rains falling on ground having a high soil-moisture content. In the
Sierra Nevada the medium and high altitude snowpack prior to the
storm was deep. Studies by the Corps of Engineers ¢nd the Cali-
fornia Department of Water Resources indicated that the warm
heavy rain and associated meteorological conditions during the
storm supplied only enough heat to *ripen” the snowpack. Con-
sequently, the snowpack became isothermal at 32°F end was suf-
ficiently dense to retain a small percentage of free water in the
capillary spaces. As a result, the snowpack in the Sierra Nevada had
only a minor effect on runoff. A little meltwater was added to the
runoff, and rainwater passed through the pack with little delay.
In Oregon, before the warm rains, there was a deep snowpack at
higher altitudes in the Cascade Range, but the rainfall in this region
was less than that in the Sierra Nevada. Some of the rain, particu-
larly in north-central Oregon, was absorbed by the snowpack, and
runoff rates were not as high as they would have been had the
snowpack been lighter. In contrast, extensive melting occurred at
lower altitudes in the Cascade Range where the snowpack was
lighter. Water from snowmelt and from rain falling on frozen
ground reached stream channels quickly and with little infiltration
loss. This combination resulted in high runoff rates, high erosion
potential, and extremely high sediment yields in those areas where
the surficial soils had little protection. Conditions were similar in
Idaho and southeastern Washington: a relatively light snowpack
and frozen ground. The combination of water from snowmelt and
from heavy rain in this region also produced runoff et rates that
were extremely high.

Storms following the principal storm and floods ¢f December
19-23 sustained streamflows and sediment loads at mocerate levels.
The January 2-7 storm brought heavy rain to the Sacramento River
basin and to the southern part of the north-coastal area in California.
The rain produced maximum flows greater than those in December
in many streams. The January 21-31 storm, which included warm,
heavy rain January 27-29, produced severe floods in rorth-central
Idaho, northeastern Oregon, southeastern Washington, along the
Oregon coast, and in small areas near Boise, Idaho, and Tacoma,
Wash. Record and near-record flood peaks occurred in many streams
in these areas.

The volumes of storm runoff and the high sediment concentrations
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that was affected by the floods of December 1964 and January 1965
includes that part of the San Joaquin River basin east of the main
stem of the river in the San Joaquin Valley and north of Fresno,
Calif., and the entire Sacramento River basin. In addition, the
Goose Lake basin in Oregon and California, now a closed basin,
was included in this hydrologic region. The part of these basins in
the flood area is shown in figure 1, and the location of sites 63
to 426, for which stage, streamflow, and some suspended-sediment
data are available, is shown in figure 9.

In the San Joaquin River and Sacramento River basins, as in the
Great Basin, runoft was heavy at the higher altitudes in the Sierra
Nevada and in the coastal ranges. Precipitation on the valley floor
was relatively small as shown on the isohyetal maps (figs. 2-4).
The principal floods occurred December 22-24 with generally high
runoff throughout the northern part of the region. In some streams
in the Sacramento River basin, the floodflows were of greater magni-
tude but of shorter duration than those during the floods of Decem-
ber 1955. Extreme floods occurred also in some basins in the region
as a result of intense rains in early January.

Flood-control operation of many major reservoirs, such as Shasta
Lake, Folsom Lake, Camanche and New Hogan Reservoirs in the
Mokelumne River and Calaveras River basins, the detention storage
above the partly completed Oroville Dam on the Feather River,
and conservation operations of other reservoirs reduced downstream
flows generally to the capacity of flood-control channels. Thus, de-
spite high flows in most mountain and foothill streams, floodflows
in the Sacramento River and in major tributaries generally were
confined within project levees or in bypasses. On the valley floor,
flooding occurred largely on lands between project levees or in by-
passes and lands not protected by levees, but overflows from other
tributary streams caused extensive flooding. At the crest of the
flood, Folsom Lake on the American River fully absorbed an ab-
normally high flood wave caused by the breaching of the partly
completed Hell Hole Dam on the Rubicon River. This flood wave
caused severe damage at points along the downstream c~nyon of
that river.

Severe flooding occurred in the communities of Chester (which is
near Lake Almanor), Downieville, and Coloma (which is 6 miles
northwest of Placerville), in the Sierra Nevada, and damage was
heavy in the mountain areas. Many towns and cities elong the
Sacramento River and tributaries were threatened with high water,
but flooding was nominal. The Corps of Engineers estimated that
383,500 acres of land was inundated in the Sacramento River basin



A38 FLOODS, DEC. 1964 AND JAN. 1965, FAR WESTERN STATE

(161,000 acres in mountain areas and 222,500 acres on the valley
floor) and 71,900 acres was inundated in the San Jcaquin River
basin (1,700 acres in mountain areas and 70,200 acres on the valley
floor). Flood damage in the region was nearly $44 million, but no
lives were lost as a result of the floods.

Suspended-sediment concentrations in streams in the San Joaquin
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Fieure 10.—Discharge hydrographs at selected gaging stations in the San
Joaquin River and Sacramento River basins, December 1, 1964-January
31, 1965.
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River basin were generally lower than the concentretions n
streams in the Sacramento River basin. For example, the Cosumnes
River at Michigan Bar (site 197) reached a maximum concentration
of 3400 ppm January 6, whereas the concentration in Thomes
Creek at Paskenta (site 266) reached a high of 76,000 ppr1 Decem-
ber 22.

The discharge hydrographs at selected stations in the San Joaquin
River and Sacramento River basins (fig. 10) illustrate the relative
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magnitude of the floodflows during the period December 1-January
31. Graphs of suspended-sediment concentration and loaded and
stream discharge at selected stations in these basins for the period
December 20-30 are shown in figure 11.

SAN JOAQUIN RIVER BASIN

In the upper San Joaquin River basin, public-utility reservoirs,
operated for the generation of hydroelectric power, contained most
of the runoff of the main river and its tributaries. This storage
resulted in a peak flow of only 9,000 cfs into Millerton Take on the
San Joaquin River. The outflow from Millerton Lake was reduced
to 69 cfs, thereby increasing the ability of the lower part of the
river to carry the flow from downstream tributaries. Flows in the
headwater streams were not outstanding, although the maximum
flows of 2,490 cfs in North Fork San Joaquin River below Iron
Creek (site 63) and 9,680 cfs in San Joaquin River at Miller Crossing
(site 64) were nearly two-thirds of the maximums for the period of
record. Damages were limited largely to Forest Service facilities in
the mountainous areas. About $2 million in flood damage on the
valley floor upstream from the Merced River was prevented by the
upstream reservoir storage in the San Joaquin River basin, including
the storage of more than 220,000 acre-feet of water in Millerton
Lake behind Friant Dam during December and January.

In the lower San Joaquin River basin, stages and flows were
fairly low in the Fresno and Chowchilla Rivers and in the smaller
streams in Merced County that drain the Sierra Nevada watersheds
of relatively low altitude. Flows from west-side tributeries of the
river also were minor. Flood losses along the lower San Joaquin
River were limited largely to damage to levees and loss of crops in
the flood-plain area between the levees. Overflows from Bear, Mari-
posa, and Deadman Creeks in Merced County inundated about
14,000 acres of agricultural land; damaged levees, roads, ditches,
and other improvements; and caused the loss of pasture and of
barley, oats, and alfalfa crops.

The principal tributaries of the San Joaquin River—the Merced,
Tuolumne, Stanislaus, Calaveras, Mokelumne, and Cosumnes Rivers
—all had high peak discharges. Damage to roads and highways
constituted most of the losses in the headwater areas of these
streams. The most notable damage in these areas occurred in the
upper Merced River basin where campsites in Yosemite National
Park were flooded and access highways were washed out. The peak
flow of 9,240 cfs December 23 in Merced River at Happy Isles
Bridge (site 103) approached the record flow of 9,860 cfs in De-
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cember 1955, but at downstream sites, as at Bagby (site 108), up-
stream from Lake McClure, the peak flow of 33,800 cfs December 23
was only a little more than a third of the 1955 flow. Lake McClure
at Exchequer Dam was low at the beginning of the flood; the
December floodflows were fully contained and only nominal flows
were released. In early January the reservoir filled ccmpletely,
and the peak outflow measured at Merced Falls (site 112) was
17,100 cfs January 7, as compared to the record flow of 47,700 cfs
in 1911 prior to construction of the dam. Flood damages to facilities
and structures were heavy at the construction site of the New
Exchequer Dam, just downstream from Lake McClure.

Flood-control operation of Hetch Hetchy, Cherry Valley, and
Don Pedro Reservoirs in the Tuolumne River basin provided ef-
fective control of heavy flood runoff from headwater areas. The
peak flows in these headwater streams were lower than the record
flows of December 1955 or February 1963. At Don Pedro Reservoir
the peak inflow of 43400 cfs December 23 was reduced to a con-
trolled outflow on that day of 6,790 cfs recorded above La Grange
Dam (site 142); on January 7, after the early January storm, the
maximum outflow was only 8,450 cfs. Flows below La Grenge Dam
were generally confined in the channel, and only minor flooding of
agricultural land occurred.

Heavy rains and some snowmelt in the upper Stanislaus River
basin caused two substantial flood peaks, December 23 and 24;
the peaks were 24-30 hours apart, and the highest peaks generally
occurred December 23. The first flood wave was successfully con-
trolled by storage in upstream reservoirs and in Melones and Tulloch
Reservoirs in the foothill area. December 23 the peak inflow to
Melones Reservoir (site 159) was 48,700 cfs, about 49 percent of the
peak inflow of December 23, 1955, but the outflow was only 5,750
cfs. The outflow from the downstream Tulloch Reservoir to the lower
part of the river was about 10,000 cfs. The second flood wave,
however, filled the reservoirs, and peak outflow December 24 from
Melones Reservoir was 38,700 cfs. At Tulloch Reservoir the December
24 outflows were controlled to 41.000 cfs; this outflow was about
65 percent of the peak flow in December 1955, which happened prior
to construction of this reservoir. Channel storage further reduced
the downstream flood peak to 32,800 cfs at Ripon (site 163). The
floodflows caused the breaching of a Federal project levee on the
left bank near the junction of the Stanislaus and San Joaquin Rivers
and overtopping and damaging of many private levees. About 11,400
acres of highly productive agricultural aland was inundated, and
damages were reported in the towns of Ripon, Riverbank, and Oak-



A42 FLOODS, DEC. 1964 AND JAN. 1965, FAR WESTERN STATES

dale. Flood damages included losses of truck and specialty field
crops, walnut and other orchard crops, poultry and livestock ; damage
to farm improvements, land and supplies; residential losses from
flooding; commercial and industrial losses; damage to sewage dis-
posal plants, public parks, levees and roads; and costs of flood
fighting. In upstream areas public facilities in Calaveras Big Trees
State Park and Stanislaus National Forest also were damsged.

Suspended-sediment concentration in the San Joaquin River at
Vernalis (site 164), downstream from the Stanislaus River, reached
a maximum of 2,490 ppm December 25. The suspended load for that
day was 54,100 tons, a maximum for the period 1956-¢4. The dis-
charge for the day was only 14,000 cfs, less than two-tlirds of the
sustained flows that occurred in January as a result of runoff from
rain, controlled releases from reservoirs, and rveturn flows from
overbank flooding.

Peak flows in streams between the Stanislaus River and Mokelumne
River basins, including the Calaveras River and Littlejohn, Duck,
and Bear Creeks, were lower than in December 1955 or April 1958
and generally were controlled or confined by flood-control levees.
Overflows were minor along these streams, and only about 200 acres
of agricultural land was flooded. The peak dischargss of 4,800
cfs December 23 in North Fork Calaveras River (site 168) and
7,940 cfs January 6 in South Fork Calaveras River near San
Andreas (site 166) indicate that these headwater flows were 77
and 45 percent of the maximum flows in December 1955. The
Calaveras River flows were contained in the vecently completed New
Hogan Reservoir, and peak flow at the Jenny Lind station (site 173)
downstream was only 2,570 efs December 23, as compared to the
record flow of 50.000 cfs in 1911, before construction of Hogan
Reservoir. Farmington Reservoir on Littlejohn Creek and levee and
channel improvements on Bear Creek functioned effectively and pre-
vented substantial damage to agricultural and suburbsn develop-
ments near Stockton. Flood losses included agricultural damage
through loss of crops and pasture, bank erosion, and silting of
farmland; industrial losses, such as damage to power facilities on
Bear Creek: and public-facility losses through damage tc levees and
to the Stockton sewage disposal plant.

The Pardee and Camanche Reservoirs on the Mokelumne River
provided full control of floodflows. There was no flooding or flood
damage downstream from Camanche Dam, because the controlled
releases were less than the channel capacity of the river. The peak
flow of 29,700 cfs December 24 in Mokelumne River near Mokelumne
Hill (site 184) was 88 percent of the record flow of 32.700 cfs in
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December 1950, and the peak imflow to Pardee Reservoir was 32,100
cfs. Despite extensive storage in Pardee Reservoir and the upstream
Salt Springs and Lower Bear River Reservoirs, the peak outflow
from Pardee Reservoir and the inflow to Camanche Reservoir was
28,400 cfs. However, the controlled outflow from Camanche
Reservoir was only 151 cfs during the critical flood period; the
outflow was increased to a maximum of 2,900 cfs December 31 so
that the flood-control space in the reservoir could be evacuated.
Some flood damage occurred upstream from Camanche Reservoir—
heavy spillway flows at Pardee Dam caused rockfalls in the spillway
gorge below the powerhouse and backwater upstream at the
powerhouse.

Floodflows in the Cosumnes River basin, though heavy, were less
than the record flows of December 1955 or February 19%3. There
are no large impoundments in the basin, however, and the heavy
flows caused a large part of the flood damage in the lower San
Joaquin Valley. The peak discharge of 37,500 cfs December 23
in Cosumnes River at Michigan Bar (site 197) was 89 percent of
the maximum flow in December 1955. Overbank storage dcwnstream
along the river caused attenuation of the peak, and the peak dis-
charge at McConnell (site 200) was only 32,200 cfs, 60 percent of
that in 1955. Flooding occurred along a 30-mile reach of the
Cosumnes River from Michigan Bar to the mouth of the river and
along tributaries. Commingling of floodwaters from the Cosumnes
River and Deer Creek caused extensive flooding in the vicinity of
Wilton. The Corps of Engineers estimated that about 35,200 acres
of land in the basin was inundated. The areas flooded were predomi-
nantly agricultural, used principally for dairying, orchards, pas-
tures, and field crops. The heavy agricultural losses consisted pri-
marily of damages to fields, structures and facilities, roads, and
private levees. Other losses included damage to public roads and
levees and to gas wells, pipelines, and appurtenances. Suspended-
sediment concentrations in Cosumnes River at Michigan Bar (site
197) reached a high of 3,040 ppm December 22, and the concentra-
tions remained above 2,000 ppm for about 17 hours. The maximum
suspended-sediment concentration during the flood period, however,
was 3,400 ppm January 6, although the peak flow and daily
suspended-sediment load were less than those in December. The
maximum suspended-sediment load transported was about 168,000
tons December 23. Graphs of suspended-sediment concentration
and load and stream discharge in Cosumnes River at Michigan Bar
during the period December 20-30, 1964, are shown in figure 11.

In the Morrison Creek basin near Sacramento, high flcws caused
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flooding of about 7,700 acres of agricultural land in the lower
reaches of Morrison and Laguna Creeks. The peak discharge in Mor-
rison Creek near Sacramento (site 201) was 1,040 cfs December 23,
as compared to 1,320 cfs in October 1962; greater flows probably
occurred in December 1955. Flood losses consisted principally of
loss of crops and damages to farm equipment, machinery, and
roads.

The flood hydrographs for Merced River at Happy Isles Bridge,
near Yosemite, North Fork Stanislaus River near Avery, and Con-
sumnes River at Michigan Bar for the period December 1-January
31 are included in figure 10.

GOOSE LAKE BASIN

Flood runoff was heavy in streams tributary to Goose Lake in the
closed Goose Lake basin in Oregon and California. The peak dis-
charges were substantially less than the maximum flows of record,
but were generally comparable to high flows occurring in recent
years. In Drews Creek near Lakeview (site 202) the peak discharge
of 1,240 cfs December 22 exceeded the peaks of 1938, 1952, 1956,
and 1958, but was considerably less than the March 10, 1910, maxi-
mum flow of 8,000 cfs. However, inflow December 22-24 into Drews
Reservoir upstream occurred at an average rate of more than 3,000
cfs, and about 18,500 acre-feet of water was stored. The heavy flows
in the Goose Lake basin caused flooding of about 1,000 acres of
land along many small creeks. Flood losses were limited largely to
damage to agricultural land, levees, and irrigation facilities. Local
flooding isolated the city of Lakeview, Oreg., for seversl days and
inundated about 50 homes.

SACRAMENTO RIVER BASIN UPSTREAM FROM FEATHEF RIVER

Major floods occurred December 22 and 23 in the Sacramento
River basin upstream from Shasta Dam. The peak discharge of
38,800 cfs December 22 in Sacramento River at Delta (site 207)
exceeded the record flow of 37,000 cfs in December 1955. However,
a peak discharge of 58,000 cfs had occurred February 28, 1940, at
a site at Antler, about 5 miles downstream and now inundated by
Shasta Lake, where the drainage area was about 8 percent larger.
In the Pit River basin, storage in public-utility end water-
conservation reservoirs significantly reduced floodflows in the main
river and its principal tributaries. Peak discharges in the McCloud
River basin were about 60 percent of those in December 1955. The
peak inflow of 187,000 cfs December 22 was fully controlled by
Shasta Lake and was only 8,000 cfs less than the record inflow of
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basin; Orick in the Redwood Creek basin; Sawyers Bar, Orleans,
Weitchpec, Hoopa, Willow Creek, and Hyampom in California, and
Keno in Oregon in the Klamath River basin; and Gasquet in the
Smith River basin. Many gaging stations were destroyed or damaged.

Suspended-sediment concentrations in north-coastal
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Eel River basin; Orick in the Redwood Creek basin; Sawyers Bar,
reached maximums of 35,200 ppm in Mad River near Arcata (site
528) and 32,500 ppm in Trinity River near Hoopa (site 602). The
suspended-sediment load of 57,000,000 tons transported by the Eel
River at Scotia (site 514) December 23 was about 10 times the
previous maximum daily load observed since 1957. Massive land-
slides, together with heavy bank erosion and channel scour, were
the principal sources of sediment. Damage to roads, channels, and
flood plains from sediment scour and deposition was severe along
most streams in the region, especially in the Eel River and Klamath
River basins.

The discharge hydrographs at selected stations in north-coastal
California, shown in figure 17, illustrate the relative magnitude of
floodflows during the period December 1-January 31. Graphs of
suspended-sediment concentration and load and stream discharge at
selected stations in the region for the period Decemlber 20-30 are
shown in figure 18.

NAPA RIVER AND SONOMA CREEK BASINS

Major floodflows occurred in the Napa River and Sonoma Creek
basins as a result of the December 19-23 and January 2-7 storms.
At St. Helena the precipitation was 10.06 inches Dec>mber 19-23;
9.14 inches occurred in the 72-hour period Decemb-r 20-22, an
occurrence similar to that in 1955; precipitation during the January
2-7 storm was 7.63 inches. The resulting floods in Naga River near
St. Helena (site 428) reached peak discharges of 11,700 cfs Decem-
ber 22 and 11,800 cfs January 5; the December 1955 peak discharge
was 12,600 cfs and that of January 1963 was 12,300 cfs. The dis-
charge hydrograph for this station for December 1-January 31 is
shown in figure 17. In other streams in the Napa River basin, the
January 5 peaks were notably greater than those in I acember, but
less than the previous maximums. Storage in Lake ITennessey on
Conn Creek, tributary to Napa River, effected some reduction in the
December floodflows downstream at Napa. However, January 5, the
peak discharge of 14,300 cfs in Napa River near Napa (site 431)
was 85 percent of the maximum flow in January 1963. Minor
overflows and riverbank erosion occurred throughout the basin, but
flood damage was light.

The principal flood peak in Sonoma Creek occurred in January.
The peak discharge of 7,520 cfs January 5 in Sonoma Creek at
Boyes Hot Springs (site 434) was 85 percent of the maximum flow
in December 1955 and the second highest in the period of record
since 1955. Precipitation in the basin was less than that in the Napa



PART 1. DESCRIPTION A61

River basin and the peak flow in December was not outstanding.
Flooding and associated flood damage were relatively minor.

SMALL BASINS IN MARIN COUNTY

In Marin County streams, floods resulting from the storms of
December and early January were generally moderate to high, and
the principal peaks occurred January 5. Precipitation was heavy in
the San Rafael-I{entfield area. At San Rafael the December 19-23
precipitation was 7.93 inches; at Kentfield it was 8.49 inckes. The
January 2-7 precipitation at San Rafael was 6.76 inches, and at
Kentfield it was 7.45 inches. The peak discharge of 1,120 cfs January
5 in Novato Creek near Novato (site 435) was comparable to
previous high flows and was 84 percent of the maximum flow of
record. The flow in Corte Madera Creek was moderate, only about
39 percent of that in December 1955, but the streamflows and over-
flows of drains caused some local flooding in areas that are subject
to frequent flooding, such as Kentfield, San Anselmo, and Corte
Madera. Floodflows in the Walker Creek basin in the northwestern
part of Marin County and in the nearby Salmon Creek basin in
Sonoma County slightly exceeded previous maximums in 1958 in
Walker Creek basin and m 1963 in the Salmon Creek basin. The
Walker Creek flow was comparable to the December 1955 flow in
North Fork Walker River near Tomales. Flood damages in the
county were relatively light.

RUSSIAN RIVER BASIN

As a result of the December 19-23 heavy precipitation that
exceeded 15 inches over much of the basin, peak discharges in the
Russian River basin December 22-23 were generally higher than
those that occurred in December 1955. Storm precipitation was 18.23
inches at The Geysers, near Geyserville, 19.01 inches at Kellogg, and
18.07 inches at Ukiah 4WSW, all in the upper part of the basin;
15.04 inches was observed at Cazadero in the lower part of the
basin. A 24-hour total of 9.70 inches occurred at Kellogg. Heavy
precipitation during the January 2-7 storm, as much as 12.44 inches
at The Geysers, caused a recurrence of flooding, but peak discharges
were generally lower than those in December. In the Eest Fork
Russian River near Calpella (site 445), the peak discharge of 18,700
cfs December 22 was 41 percent greater than the previous maximum
in December 1955; the peak of 14,400 cfs January 5 =also was
greater. Lake Mendocino, a flood-control and water-conservation
reservoir completed in 1958 near the mouth of East Fork Russian
River, fully contained the floodflows during the critical periods for
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both the December and January floods and reduced peak flows and
damages along the middle and lower reaches of the Russian River.
At the Hopland gaging station downstream (site 448), for example,
a peak discharge of 41,500 cfs was recorded December 22, but the
release from Lake Mendocino was only 10 cfs. Without the storage
the peak flow at Hopland might have been about 57,000 cfs, on the
basis of the 45,000 cfs recorded in December 1955. The peak stage
in Russian River near Hopland December 22 was 26.01 feet, com-
pared to 27.00 feet in 1955 and 30.0 feet in 1937. Without reservoir
storage the 1964 peak stage might have exceeded 30.0 feet.

Flood runoff in streams tributary to the middle reach of the
Russian River exceeded previous recorded maximums. As a result,
despite the stage reduction attributable to storage in Lake Mendocino,
floods of recordbreaking magnitude occurred on the Russian River
near Healdsburg (site 454) and near Guerneville (site 460), where
the peak discharges of 71,300 and 93,400 cfs December 23 exceeded
previous maximum flows by 6 and 4 percent, respectively.

Suspended-sediment concentrations reached a maximum of 13,800
ppm December 22 in the Russian River near Ukiah (s'te 443), and
the maximum suspended load transported was 352,000 tons the
same day. However, concentrations in the East Fork Russian River
near Ukiah (site 446), just downstream from Lake Mendocino,
reached a maximum daily of only 1,900 ppm December 25, and the
maximum suspended load transported was only 22,000 tons Decem-
ber 30. In the Russian River downstream near Cloverdale (site 450),
suspended-sediment concentrations reached a maximum of only 6,900
ppm December 22, and the maximum daily suspended load trans-
ported was 495,000 tons the same day. During the January flood
the concentrations reached a maximum of only 4,600 ppm Janunary 5
in the Russian River near Ukiah (site 443) though the peak dis-
charge was about 75 percent of that on December 22.

Flood damage in the basin exceeded that caused by the December
1955 flood. The greatest damage occurred in Guerneville and the
surrounding resort area; 500 persons were left homeless. about 1,000
summer homes were damaged or destroyed, and several wood-
products plants were damaged. The business district of Guerneville
was flooded to depths of as much as 4 feet. One life was reported
lost in the area. Heroic efforts in evacuation of personnel and re-
moval of possessions prevented greater loss of life and reduced the
flood losses. Highway transportation was disrupted comrpletely dur-
ing the floods as State highways and county roads were inundated
throughout the basin; many roads were destroyed or severely dam-
aged. Highway 16 from Hopland to Lakeport was closad by slides,
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and Highway 20 between Ukiah and Lakeport was closed by a
bridge washout.

In the upper part of the basin, flood damage was limitel largely
to agricultural losses, though some residential losses were also in-
curred. About 25,000 acres of agricultural land in the Russ‘an River
valley was flooded. Damage to orchards, crops, and vineyards con-
stituted the principal agricultural losses; however, some livestock was
lost, and many farm buildings were damaged. Riverbank erosion
caused the loss of many bank-protection works and many acres of
highly developed cropland.

The discharge hydrograph for East Fork Russian River near
Calpella for the period December 1-January 31 is shown in figure
17. Graphs of suspended-sediment concentration and load and stream
discharge in Russian River near Ukiah for the period December
20~-30 are shown in figure 18.

SMALL COASTAL BASINS BETWEEN RUSSIAN AND EEL RIERS

During the December 19-23 storm, flooding oceurred in all the
small coastal basins between the Russian and Eel Rivers. The stages
and flows were generally less than those during the recordbreaking
floods of December 1955, except in Noyo River near Fort Bragg
(site 476) where the peak discharge of 24,000 cfs December 22 was
2,000 cfs greater than that in 1955. The discharge hydrograph for
this station is shown in figure 17. The storm precipitation was ex-
ceptionally heavy in the coastal area south of the Eel River, where
45.90 inches was observed at Ettersburg in the Mattole River basin;
a 24-hour precipitation of 15.00 inches occurred December 21, and
a 72-hour total of 30.90 inches occurred December 20-22. Precipita-
tion in excess of 5 inches in 24 hours and 10 inches for the storm
occurred at widely scattered locations, such as the Boonville Mainte-
nance Station and Navarro in the Navarro River basin and Upper
Mattole in the Mattole River basin. The peak discharge of 78,500 cfs
December 22 in Mattole River near Petrolia (site 481) approached
the record discharge of 90400 efs in 1955. Precipitation January
2-7 caused floods of lesser magnitude in basins midway be*ween the
Russian and Eel Rivers; in a few small basins the flows January 5
exceeded those in December.

Because this coastal area is very sparsely settled, the storm and
flood losses comsisted principally of damage to agricultural land,
roads, bridges, and lumber mills. The main agricultural losses in-
cluded sediment damage to pasturelands and loss of livesto=k. About
6,000 acres of land was inundated, principally in the Garcia River,
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Navarro River, and Mattole River basins. Damage to roads and
bridges was heavy. The only appreciable loss of private property
occurred in the Mattole River basin where lumber industry facilities
were severely damaged and stocks of logs and finished lumber were
lost. There was no loss of life in this area.

EEL RIVER BASIN

Unprecedented flood stages and peak discharges occurred De-
cember 22 in the Eel River basin in response to heavy precipitation
of more than 23 inches over much of the basin during the De-
cember 19-23 storm. Precipitation was 10.7-12.4 inches in 24 hours
at Branscomb, Cummings, and Laytonville in the South Fork Eel
River basin and 22.7 inches in 48 hours was recorded at Laytonville.
Along the main stem of the Eel River and its eastern tributaries,
the peak stages and flows were much higher than those of the record
peaks of 1955. At the gaging station on the Eel River below Dos
Rios (site 500), the peak stage was 12.6 feet higher than the 1955
peak, and the discharge of 460,000 cfs was 63 percent greater than
the record flow in 1955; at Alderpoint (site 504) the stage was 14.7
feet higher than that in 1955 and the peak discharge was 49 percent
greater. Farther downstream at Scotia (site 514), the Eel River
stage exceeded that of 1955 by 10.1 feet, and the peak discharge
of 752,000 cfs was 39 percent greater than that in 1955. The 1955
peak stage on the Kel River at Scotia was comparable to that
reached by the winter floods of 1861-62. The discharge hydrograph
for the Scotia gaging station for December 1-January 81 is shown
in figure 17.

Record flows occurred generally in the upper part of the Eel
River basin where the peak discharges in the Eel River above Dos
Rios and the Middle Fork Eel River above Black Butte River, near
Covelo, were about 50 percent greater than those in 1955, the
previous maximum flows. In the South Fork Eel River basin, the
peak discharge of 199,000 efs December 22 at the downstream gaging
station near Miranda (site 511) was 15 percent greater than that in
1955 but in headwater areas the 1964 floodflows were less than those
in 1955, despite the very heavy rain. Unprecedented maximum flows
occurred also throughout the Van Duzen River basin, the principal
tributary of the Eel River downstream from Scotia.

The December floods were the most extreme; they destroyed nine
gaging stations and damaged almost all the remaining stations in
the basin. The subsequent January 2-7 and 21-31 storms caused
recurrence of minor flooding about January 5 and 24. Total runoff
for the 2-month period December 1-January 31, expresved in depth
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Ficure 24 —Discharge hydrographs at selected gaging stations in the upper Colum-
bia River and Snake River basins, December 16, 1964—-February 15, 1965.

River basin transported greater sediment loads during January
than in December.

Suspended-sediment concentrations were extremely high in several
of the lower Snake River tributaries, as shown by the maximum
concentrations of 360,000 ppm in Deadman Creek above Meadow
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Creek, at Central Ferry, Wash. (site 818) December 23, and 340,000
ppm in Meadow Creek near Central Ferry (site 820) and 223,000
ppm in Tucannon River near Starbuck (site 824) December 22.
Sediment data for the region are available at only a few sites,
primarily on the lower Snake River tributaries. Although the records
are of short duration, they include data for the February 1963
flood.

Weather conditions prior to the floods were similar to those that
caused severe floods in December 1955 in west-central Idaho and in
December 1933 in the Coeur d’Alene River basin. The heavy rains
during the December 19-23 storm (fig. 2), together with sudden
snowmelt, produced outstanding floods. Frequent rains and snows
during the early part of January kept the soils nearly saturated,
and snow accumulations by late Jannary in the basins of the upper
Snake, Boise, Payette, and Salmon Rivers reached depths that were
150-190 percent of the 15-year average. Intense rains in late
January combined with melting snow and again produc~d heavy
runoff. Two lives were lost in Idaho in December, and the total
losses from the two floods were more than $20 million.

Discharge hydrographs at selected gaging stations in tl'e region,
shown in figure 24, illustrate the distribution and relative magnitude
of floodflows during the period December 16-February 15. Graphs
of suspended-sediment. concentration and load and stream discharge
at selected stations for the periods December 20-30, 1964, and
January 26-February 5. 1965, shown in figure 25, illustrate the
relation between sediment transport and stream discharge for the
principal flood periods.

UPPER COLUMBIA RIVER BASIN

Heavy runoff in the upper Columbia River basin occurred prin-
cipally in tributaries of Coeur d’Alene Lake and minor flooding
occurred on small tributaries of the Spokane and Yakima Rivers, as
a result of the December 19-23 storm. Some minor flooding: occurred
in the lower Yakima River in late January. Reportedly large sedi-
ment loads were transported by the Coeur d’Alene River during
December and by the Yakima River during January, but the sedi-
ment contribution from the upper Columbia River basin ~vas small.
The sediment load of the Columbia River at Pasco, Wash., for the
3-month period, December 1964-February 1965, was less than 2 per-
cent of that for the Clolumbia River at Vancouver.

Precipitation during the December 19-23 storm was excessive
for the region; at Wallace and Mullan, Idaho, totals of 5.02 and
6.04 inches were observed. During this same period the precipitation
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was +.15 inches at St. Maries, 4.81 inches at Burke, and 8.13 inches
at Coeur d’Alene. Streams rose rapidly December 22 in response
to runoff from the heavy rains and rapidly melting snow. Peak
flows were high, but generally did not exceed those of December
1933. The maximum stage of 77.15 feet December 23 in the Coeur
d’Alene River at Enaville. Idaho (site 627), was 2 feet below that in
1933; downstream mnear Cataldo (site 631) the peak discharge of
47,200 cfs December 23 was only 70 percent of the maximum flow
i 1933. The discharge hydrograph for the Coeur d’Alene River at
Enaville is shown in figure 24.

The upper Spokane River basin upstream from Coeur d’Alene
Lake received the full impact of the floods because tlere are no
major flood-control reservoirs in that area. In Wallace, Idaho, 20
apartments of a veterans’ housing area were washed into the South
Fork Coeur d’Alene River. Downstream from Kellogg the rampaging
Pine Creek washed out roads and bridges and isolated the com-
munity of Pinehurst for several days. Ice jams on St. Maries River
caused flooding in the St. Joe River basin. The Corps of Engineers
estimated flood losses in the upper Spokane River basin to be more
than $2.700,000, of which nearly half consisted of damage to high-
ways, roads, and railroads.

Natural storage in Coeur d’Alene Lake substantially modified
the flood peak in the Spokane River downstream from the lake.
Peak inflow to the lake in excess of 100,000 cfs December 23 was
modified by storage, and the maximum outflow December 26 at the
Spokane River gaging station near Post Falls, Idaho (site 639),
was 30,900 cfs,

Tributary inflow in the Spokane, Wash., area generally was not
unusually high in December, but the town of Tekoa, Wesh., in the
headwaters of Hangman Creek experienced the most severe flood-
ing in the memory of longtime residents. The peak flow of Hangman
Creek near the mouth, however, was not particularly outstanding,
being equivalent to a flood having a recurrence interval of less than
10 years. Rock Creek breached dikes at the town of Rockford,
Wash., and caused some local damage. Although local flooding was
extensive, the peak stage of the Spokane River at Spokane December
26 was 0.6 foot below flood stage.

Rains in the upper Columbia River basin were generally lighter
in January than in December, but 2 inches of rain in the lower
Yakima River valley January 21-31 caused moderate flooding.
Runoff was. heaviest in the lower part of the basin where the
Yakima River was above flood stage January 30-February 1.

The January flood in the Yakima River basin caused damages
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of about $480,000. The principal damage resulted from deposition
of sediment on roads and inundation of pastureland and a few
homes near Richland, Wash. Several thousand spring chinook salmon
yearlings were flushed out of the rearing ponds at Niles Springs
near Yakima; however, damage at this facility from erosion and
deposition of sediment was minor.

SNAKE RIVER AND TRIBUTARIES UPSTREAM FROM TWIN FALLS, IDAHO

Major flooding in December in the upper Snake River basin was
confined primarily to the Snake River valley downstream from the
Portneuf River. The principal floods occurred December 23 in Ban-
nock Creek and Rock Creek basins, which are near American Falls,
and tributary to Snake River downstream from Pocatello. Though
sediment data are not available for the area upstream from Twin
TFalls, the deposition on roads, farmland, and parks that was ob-
served in the flooded low-lying areas indicates transport of large
sediment loads during the floods.

Runoff from headwater areas of the Snake River basin was ef-
fectively controlled by Jackson Lake and by Palisades, Island Park,
and American Falls Reservoirs. Storage in American Falls Reser-
voir reduced the peak inflow of about 15,000 cfs December 24 to a
peak outflow of 5,990 cfs December 81, measured at the Snake River
station at Neeley (site 657).

Floodflows in the Portneuf River were not exceptionally high.
The peak discharge of 1,020 cfs December 23-26 in Portneuf River
at Pocatello, Idaho (site 651), was only 34 percent of the maximum
in a 55-year record. Bannock Creek flows washed out nearly all
bridges in the lower part of the basin and flooded Interstate
Highway 30N,

Flood damage in the Snake River basin upstream from Twin
Falls totaled about $895.000. The losses included damages to bridges
and county roads near American Falls Reservoir from flooding
Snake River tributaries, damage to Register Rock State Park near
American Falls from erosion and deposition of sediment, and dam-
age from inundation of about 1,500 acres of low-lying land along
the lower part of the Portneuf River. In the Burley-Twin Falls-
Shoshone area, considerable damage was caused by local f'ooding of
county roads, farms, and irrigation systems.

SNAKE RIVER BASIN BETWEEN TWIN FALLS AND WEISER, IDAHO

Recordbreaking floods occurred in parts of the basins of the
Owyhee, Boise, Malheur, and Payette Rivers as a result of the
December 19-23 storm. and many of the areas were flooded again
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in late January. The most erosive floods occurred in the Middle ane
North Fork Boise River basins and South Fork Payette River basin
in December, and the major damage to agricultural, residential,
and commercial property occurred in the lower Payette River basin.
Flooding was not severe in the upper reaches of the Big Wood
River, Bruneau River, and Owyhee River basins.

Precipitation typical of the mountain areas is indiceted by that
near (Cascade Dam, at Cascade, northeast of Weiser, where 6.61
inches was observed December 19-23; 4.58 inches, December 24—
January 20; and 2.74 inches, January 21-31. At Boise, in the valley
area, precipitation was only 1.08 inches December 19-23 and 1.88
inches January 21-31.

In the Big Wood River basin, flows were excessively high only
in the lower part of the basin. In the headwater areas Magic Reser-
voir on Big Wood River and Little Wood River Reservoir stored
almost all inflow. At the gaging station on Little Wood River near
Carey (site 677). only 3 miles downstream from Little Wood Reser-
volr, a moderate peak discharge of 2,400 cfs occurred December 23,
as a result of heavy runoff downstream from the reservoir and
failure of a small reservoir on Little Fish Creek. The floodflow,
combined with runoff from small downstream tributartes, flooded
roads and disrupted traffic. Downstream at the station on Big Wood
River near Gooding (site 680), the heavy runoff produced a peak
discharge of 8,860 cfs December 22, the highest flow in 48 years of
record.

December flood losses in the Big Wood River basin were about
$528,000. Debris plugged the intake structures and caused long shut-
downs at two powerplants near the mouth of Big Wood River.
About 4200 acres of agricultural land was flooded in the Big Wood
River basin. principally in the Shoshone and Gooding areas. Damage
from high flows in late January consisted primarily of sediment
deposition on roads and tfarmland following inundaticn of small
areas by sidehill runoff.

Along the Snake River main stem, the December floodflow up-
stream from the Big Wood River was only equivalent to annual
peak flows. Tributary inflow between Bliss and King Hill was
exceptionally high. Clover Creek, with a drainage area of 265 square
miles, had a peak discharge of 10,100 cfs at its mouth near King
Hill (site 683) and partly washed out U.S. Highway 30 and a
Union Pacific Railroad bridge (fig. 26). King Hill Creek overflowed
U.S. Highway 30 and caused considerable damage and traffic delays.
At King Hill (site 684) the recorded peak discharge of 31,900 cfs
December 23 in the Snake River was equivalent only to a 10-year
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of 203 cfs per sq mi. High flows in Spanish Hollow at Biggs Junc-
tion washed out sections of U.S. Highway 97 and the approaches
to bridges on State Highway 97 and Interstate Highway 80N. Ero-
sion of a railroad embankment at Biggs caused a caboose and four
cars of a freight train to roll into the creek. A boy died as a result
of an automobile accident caused by a washed-out bridge approach
south of Biggs. Flooding caused extensjve damage to highway relo-
cation works and hampered construction work at John D~y Dam.
Highways and railroads along the Columbia River in Washington
were also blocked by water, sediment, and debris (fig. 38). The
peak discharge of Alder Creek at Alderdale, Wash. (site £96), was
17,600 cfs December 22, and the estimated maximum daily suspended-
sediment load was 180.000 tons. Two trains were stalled by the
flood at Roosevelt, Wash.. and food for the 300 stranded passengers
was parachuted to the town. Damage in the area from the December
flood was about $2.4 million.

In late January the floods and damage were not extensive. The
most severe flooding ccurred on the south slope of tle Horse
Heaven Hills, southeast of Pasco, Wash., but flood peaks were
smaller throughout the rest of the area. Overflows from Alder
Creek and Pine Creek in Washington flooded roads, and flood-
waters closed U.S. Highway 30 at Rufus, Oreg.. for about a day.
Flood losses in January were about $390,000.

DESCHUTES RIVER BASIN

Despite the storage and regulation provided by Prineville and
Ochoco Reservoirs, Lake Billy Chinook, and several other reser-
voirs, the floodflow in Deschutes River at Moody, Oreg. (site 973),
near the mouth, reached a record high of 75,500 cfs December 22,
more than 170 percent of the previous maximum in a 61-year record.
The sediment transport rate was also very high, as shown by the
suspended load of 1.8 million tons per day measured at Ifoody 20
hours after the peak. The discharge hydrograph for this station for
the period December 16-February 15 is included in figure 31. During
the most critical period of the flood, Prineville Reservoir on
Crooked River and Lake Billy Chinook on Deschutes River each
stored inflow at the rate of about 15,000 cfs. The peak discharge
of 12800 cfs December 22 in Beaver Creek, a tributary of upper
Crooked River, near Paulina (site 954) was 3.5 times the previous
record flow and 4.1 times the magnitude of the 50-year flood. In the
Crooked River upstream from Prineville Reservoir near Post (site
956), the peak discharge of 19,700 cfs December 23 was 1.9 times
the magnitude of the 50-year flood. Storage in Prineville Reservoir
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effectively reduced and delayed the record inflow to a ccntrolled dis-
charge of 3,300 cfs December 30.

Peak discharges in the Deschutes River and tributaries upstream
from the Crooked River were delayed by the natural high porosity
of the voleanic material which underlies the basin. Tte floodflows
in Deschutes River below Bend (site 949) reached a peak of only
2,820 ctfs December 27, well below the 1909 peak of 4,820 cfs.

Most of the discharge contributing to record flow in the Deschutes
River at Moody (drainage area, 10,500 sq mi) December 22 came
from the 3,000-square-mile drainage area downstream from Lake
Billy Chinook. The outflow from Lake Billy Chinook which con-
tributed to the peak flow at Moody was only about 4,000 cfs. The
intervening inflow of 70,000 cfs between the Madras gtge and the
river mouth is outstanding for this section of the Deschutes River
basin. The flows in Shitike Creek and Warm Springs River were
exceptionally high. Shitike Creek washed out a bridge approach and
caused damage in the town of Warm Springs, 11 miles northwest
of Madras. Kahneeta Resort, near the Warm Springs River, was
heavily damaged. Two women were drowned when their car plunged
off a washed-out bridge into the Warm Springs River. Total damage
to Indian Agency property was about $900,000. Flood lasses in the
basin were nearly $4 million and included extensive damage to
roads and bridges, Forest Service roads, park facilities, and agricul-
tural damage. Runoff from the January storms caused only minor
flooding.

KLICKITAT RIVER BASIN

Floodflows in December exceeded prior recorded flows in most of
the Klickitat River basin in southern Washington. At the Klickitat
River station near Pitt (site 984), the peak discharge of 31,100 cfs
December 23 from the 1,297-square-mile basin exceeded the previous
record flow of 25,500 cfs in 1933, and the magnitude was equivalent
to that for a 50-year flood. Flood losses of more than £1.1 million
occurred principally along the Little Klickitat River and included
damage to homes, roads, bridges, and railroad facilities. The Janu-
ary storms did not cause significant floods in the basin.

HOOD RIVER BASIN

Peak discharges in the Hood River basin in Oregon resulting from
the December 19-23 storm were exceptionally high. The record-
high flows demolished the gaging station on Hood River near Hood
River, which was reestablished 4 miles upstream at Tucker Bridge
(site 988). The peak discharge of 33,200 cfs December 22 at Tucker



PART 1. DESCRIPTION A109

Bridge nearly equaled the 1923 record flow of 34,000 cfs at the
Hood River station. Because the drainage area of 279 square miles
above Tucker Bridge is 15 percent less than that at Hood River
and flows in streams in the intervening area were higl, the December
flow is considered the highest in the 52-year period of record at the
station near Hood River.

Bank cutting along the river was severe. Sections of a spur rail-
road track and a trestle were destroyed. Many washouts occurred
along the Pacific Power and Light Co. diversion. Damage to irriga-
tion facilities was especially heavy, and flood losses were more than
$3.2 million.

WHITE SALMON RIVER BASIN

Floodflows in December were comparable to previous record flows
in the White Salmon River and its tributaries in Washington. The
peak discharge of 9,640 cfs December 23 at the downstream gaging
station on White Salmon River near Underwood (site 993) nearly
cqualed that in 1917, the highest discharge in 47 years cf record,
and the magnitude was equivalent to a flood having a 37-year
recurrence interval.

WIND RIVER BASIN

Record peak flows occurred in the lower reaches of the Wind
River in Washington. The peak discharge of 28,300 cfs December
23 at the station near Carson (site 998) was 107 percent of the
maximum in 31 years of record, and 1.2 times the magnitude of
the 50-year flood. Farther upstream, above Trout Creek, the flood-
flows were slightly less than previous record flows.

SANDY RIVER BASIN

Heavy runoff in December produced record flows throughout most
of the Sandy River basin in Oregon. All streams began to rise the
morning of December 21 and peaked the late afternoon cf Decem-
ber 22. The peak discharge of 1,300 cfs in Salmon River near Govern-
ment Camp (site 999) was nearly twice the previous maximum
flow in a 40-year record. At the Sandy River station near Marmot
(site 1000), the peak flow was the highest in 55 years of racord and
2.1 times the previous record flow in 1923. Heavy sedimrent loads
were transported by the Sandy River and its tributaries, but no
sediment data are available. Peak discharges in the Bull Pun River
basin generally equaled or exceeded the previous maximums. The
combined discharge of the upper Sandy and Bull Run Rivers pro-
duced a peak discharge of 84,400 cfs December 22 in the Sandy
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River near Bull Run (site 1007), 1.4 times the discharze of the 50-
year flood at that site. Bull Run Reservoir 2 and Lake Ben Morrow,
which are used only for storing the Portland municipal water supply
and for some power generation, could not provide any flood control
because they were full when the flood occurred. As a result of
heavy sediment concentrations in the inflowing streams, the Portland
water supply was turbid for several days.

In the Mount Hood area the rampaging Zigzag and Sandy Rivers
and smaller tributaries destroyed many homes, cabins, bridges, and
roadways. Sediment and debris deposited by Wildcat Creek near
Brightwood blocked State Highway 26 for several days. One man
was killed when his house was smashed by a landslide. Two bridges
were destroyved upstream from Rhododendron, and abcut 80 people
were isolated. Flood losses exceeded $5.5 million.

Warming temperatures and heavy rains in late January again
resulted in the melting of snowpacks and produced heevy runoff at
the higher altitudes in the Sandy River basin. At the Salmon River
station near Government Camp (site 999), the peak discharge of
729 efs January 29, though only 56 percent of that in December,
was the second highest in 40 years of record. Downstream the flood
peak was attenuated, but was still an outstanding event. Flood
damage in the Sandy River basin during January, Fowever, was
minor. The discharge hydrograph for Sandy River below Bull Run
River, near Bull Run, for the period December 16-February 15, is
mcluded in figure 31.

OTHER AREAS OF FLOODING IN THE LOWER COLUMBIA RIVER BASIN
DOWNSTREAM FROM DESCHUTES RIVER

Most of the small tributaries of the Columbia River between the
Deschutes River and Vancouver, Wash., had extremely high flows
in December. Flood losses consisted principally of damage to roads
and bridges and the flooding of some lowlands. Outstanding peak
discharges occurred in the Mill Creek basin near The Dalles,
Oreg. High flows in Mosier Creek near Mosier, Oreg., washed out
a bridge approach and destroyed the gaging station 3 miles upstream
from the creek mouth. Homes at Washougal and Camas, Wash.,
were threatened by the Columbia River floodwaters, but serious
flooding did not materialize. _

Along the Columbia River main stem, upstream from the in-
fluence of the Willamette River, floodflows were low in relation
to major summer floods. The daily discharge of 364,000 cfs Decem-
ber 25 in the Columbia River at The Dalles (site 975), however,
was the highest winter discharge since December 2F, 1933, and
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that of 314,000 cfs January 31 was the second highest. Heavy
debris and sediment loads from the extreme floods in tributary
streams caused operational problems at the Bonneville and The
Dalles Reservoirs, but flood damage generally was minor. Floodflow
relations along the main stem in the flood area upstream from
Vancouver are illustrated in figure 39, which presents discharge
hydrographs for the period December 16-February 15 for the stations
below Priest Rapids Dam and at Pasco, Wash., upstream from the
Snake River, and for the stations downstream below McNary Dam,
at The Dalles, and at Vancouver. The data from the Priest Rapids,
Pasco, and The Dalles stations ave for daily discharge only.

At Vancouver the observed peak stage on the Columbia River
was 29.4 feet December 25, 1.7 feet above major flood stage and
approximately equal to the high stage of the June 1956 flood.
The peak stage of December 25, 1964, was due in large part to the
effect of very high discharge from the Willamette River just down-
stream; that of June 1956 was not. The discharge reached a maxi-
mum of 550,000 cfs, suspended-sediment concentration reached 3,970
ppm 8 hours later, and the maximum daily sediment load trans-
ported was 3.5 million tons the same day. The Corps of Engineers
estimated that storage in the major Snake River reservoirs and in
reservoirs in the upper Cohunbia River basin lowered the December
flood stage in the Columbia River in the Portland-Vancouver area
by about 2 feet, and regulation by Columbia and Willamette
basin storage reservoirs lowered the stage by about 5 feet. On
Sauvies Island, in the Columbia River at the mouth of the Wil-
lamette River, pasturelands were flooded as a result of the high
stages produced by the combined flows of the two rivers. Several
thousand acres of pastureland was flooded along Lower River Drive
in Vancouver, and some cattle were drowned.

Downstream from Vancouver and the mouth of the Willamette
River the Columbia River flood in December was the greatest winter
flood in history. though the peak discharge was less than that for
the great June floods of 1894 and 1948. At Kalama, Wash., a ply-
wood plant and a chemical plant sustained heavy water damage.
Commercial and industrial properties, principally in timber-based
industries, sustained a large part of the flood damage in the area.
The Cowlitz River flood crest at the mouth was 2 feet above flood
stage, and floodwater spilled over the dike near Kelso, but damage
was minor. Flood losses along the lower Columbia River main stem
were more than $2.1 million.

The floods in January were generally not severe, but the heavy
rains caused numerous landslides along the lower Columbia River.



A112 FLOODS, DEC. 1964 AND JAN. 1965, FAR WESTERN STATES

GO0 [TT T T[T T I T T I I T O[T T 11T l llllllllllrllllllll|IIlllIIl]IllI

450 % —

[a] - -
g | —1008. [Columbia River at Vancouver, Wash.;

[} drainage area, 241,000 sq mi

ul 400 —

2]

5 |

w

a

" 1

350 |— \

o | )
] L ll \ 975. Columbia River at The Dalles, Oreg. -~
8 ’ (Datly discharge).drainage area, 237,000 sq mi
w

S 300 — |

o [ |

a

z | fl

<

@ h!

g 250 — | l

I , llf‘

=

z .

ui 876. Columbia River below

g McNary Dam, near Umatilla,

< 200 Oreg.; drainage area, 214,000

I K

S sq mi

a

[a]

150

. [Columbia River at Pasco, Wash. (Daily discha
drainage area, 104,000 sq mi
100

50 X/ ‘

\Columbia River below Priest Rapids Dam, Wash.
(Daily discharge); drainage area, 95,500 sq mi

lIII|I||I|III|lIlllllllllllIlllllllllllllllllIIII|II|I,I||I

16 20 311 10 20 311 10 15
DECEMBER 1964 JANUARY 1965 FEBTUARY 1965

Fieure 39—Discharge hydrographs at selected gaging stations on the Columbia
River main stem, December 16, 1964-February 15, 19¢5.









PART 1. DESCRIPTION

All15

The floods of December 1964 in the Willamette River basin
dwarfed those of 1955. The Corps of Engineers estimated that,
without the regulation afforded by reservoir storage, the peak dis-
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charge of the Willamette River at Oregon City in 1964 would have
been 545,000 cfs; by similar computation the unregulated peak dis-
charge in 1955 would have been 332,000 cfs. The actnal peak De-
cember 25, 1964, was 443,000 cfs at Portland.

The floods in late January were not outstanding in tl'= Willamette
River basin. The highest flows occurred in the central part of the
valley along the slopes of the Coast Range, but the magnitudes at
gaging stations generally did not exceed those for floods having
20-year recurrence intervals. The high flows that ozcurred were
caused by runoff from warm rains and melting snow.

Sediment-discharge measurements were made at several sites in
the basin during the principal flood periods in December and
January. Measurements obtained at near-peak discherge at some
sites indicated suspended-sediment concentrations several times
greater than the maximums measured during a study conducted by
the Corps of Engineers during 1949-51.

Three lives were lost, and more than 210,000 acres of agricultural
land was inundated in the Willamette River basin. Flood losses
were more than $65 million.

The discharge hydrographs at selected gaging stetions in the
basin for the period December 16-February 15, shown in figure 41,
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demonstrate the relative magnitude of the December and January
floods. The graphs of suspended-sediment concentration, to*tal sedi-
ment load, and stream discharge in the Willamette River at Port-
land for the period December 21-30, 1964, shown in figure 42,
indicate the relation between the sediment transport and discharge.

WILLAMETTE RIVER BASIN UPSTREAM FROM THE McKENZIE RIVER

Heavy rains and snowmelt in late December caused record-high
and extremely damaging floodflows in the upper Middle Fork Wil-
lamette River basin. At Qakridge 10.77 inches of precipitetion oc-
curred December 19-23, and 8.17 inches was recorded at Lookout
Point Reservoir 20 miles southeast of Fugene during the same
pertod. The peak discharge of 11,600 cfs December 23 in Salmon
Creek near QOakridge (site 1017) was representative of the runoff
in the Middle Fork basin. This discharge was 110 percent of the
previous maximum flow in December 1956, and 1.4 times the
magnitude of the 50-year flood. The gaging station on Middle Fork
Willamette River above Hills Creek Reservoir was destroyed, and
large deposits of gravel and boulders restricted the capacity of the
channel upstream from the fish hatchery near Qakridge. High flows
demolished the gaging station on Salmon Creek also and generally
devastated the channel. Bridge washouts at Deception C-eek be-
tween Eugene and Oakridge and slides and washouts upstream from
Oakridge on Salt Creek stranded many travelers for several days.
The Southern Pacific Co. was forced to cancel railroad service for
more than a week. The Edward Hines Lumber Co. dam across the
North Fork Middle Fork Willamette River at Westfir was destroyed,
and many logs were washed away.

Hills Creek and Lookout Point Reservoirs on the Middle Fork
Willamette River stored most of the inflow and greatly reduced
flooding and damage downstream. The maximum inflow cf 60,800
cfs (U.S. Army Corps of Engineers, 1966b, p. 50) to Lookout
Point Reservoir probably occurred December 22, and the maximum
outflow 4 days later was only 29,500 cfs.

Floods in the Coast Fork Willamette River basin were com-
parable to those in the Middle Fork. Precipitation L -cember
19-23 was 8.88 inches at Cottage Grove Dam and 8.31 inches at
Dorena Dam. The peak discharge of 12,500 cfs December 22 on
Coast Fork Willamette River at London (site 1028), upstream from
Cottage Grove Reservoir, was 142 percent of the previous maxi-
mum in December 1945 and 1.2 times the magnitude of the 50-year
flood. Floodflows in Row River near Dorena (site 1031), upstream
from Dorena Dam, were exceptionally high; the discharge was
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169 percent of the previous maximum in 1945. The discharge hydro-
graph for this station is included in figure 41. The high flows along
the Coast Fork flooded several homes and damaged & new bridge.
The rampaging Row River swept away three houses and several
garages. Roads were washed out in many places. Sandbagging of
levees helped to reduce flooding near Cottage Grove; however, many
people evacuated their homes as a precautionary measure, and pa-
tients were removed from a nursing home.

Storage in Cottage Grove Reservoir on the Coast Fork Willitamette
River and in Dorena Reservoir on Row River reducad floodflows,
although all flood-control storage space was eventually used and
spillway overflow occurred. Peak inflow of 38,000 cfs occurred in
Dorena Reservoir December 22; within 6 hours the rerervoir began
to spill, but the outflow from the reservoir reached a maximum of
only 17,200 cfs December 23. Storage in Cottage Grove Reservoir
modified the peak inflow of 12.500 cfs December 22 to a peak out-
flow of 5,910 cfs December 24. The Corps of Engineers estimated
that the flood storage reduced the peak flow of Coast Fork Wil-
lamette River near Goshen (site 1035) by 41,000 cfs and lowered
the stage from 22.5 to 17.1 feet. However, the modified stage reached
was still 1 foot above major flood stage.

The combined regulated flows from the Middle and Coast Forks
produced a peak of 60,000 cfs (estimated by the Corps of Engi-
neers) in the Willamette River at Eugene. A peak discharge of
60,000 cfs has been exceeded many times at this site prior to
construction of upstream flood-control reservoirs. The correspond-
ing peak stage of 24.2 feet was 1.2 feet above flood stage. Lowland
flooding from the Willamette River. aggravated by high stages on
the McKenzie River in the Eugene area, forced many residents to
leave their homes.

Damage to channel improvements and river-control structures
constituted 45 percent of the $2 million flood loss in the basin
upstream from the McIKenzie River.

WILLAMETTE RIVER BASIN FROM McKENZIE RIVER TO SALEM, OREGON

The principal tributaries of the Willamette River between Eugene
and Salem are the McKenzie, Calapooia, and Santiam Rivers from
the east and the Long Tom. Marys, and Luckiamute Rivers and
Muddy and Rickreall Creeks from the west. During the December
19-23 storm, 7.46 inches of precipitation was observed at Corvallis
in the Willamette Valley, 14.82 inches at Falls City No. 2 in the
Coast Range 20 miles west of Salem, and 17.86 inches at Belknap
Sprimgs m the Cascade Range 55 miles east of Eugene. Precipitation
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at these same stations during the January 21-31 storm was 8.44,
10.96, and 10.83 inches.

In the McIenzie River basin, the floodflows in unregulated streams
were record high in December. The peak discharge of 19,100 cfs
December 22 in McIenzie River at McIKenzie Bridge (site 1041)
was the highest in 54 vears of record and 6 percent greoter than
the 50-vear flood. Cougar Reservoir stored floodflows from the South
Fork McIKenzie River; inflows reached a peak of 35,000 cfs Decem-
ber 22 (Corps of Engineers). while outflows reached a peak of only
6,220 cfs January 8 at the station near Rainbow (site 1045). At
the gaging station near Coburg (site 1054), near the mouth of the
McIenzie River. the peak discharge of 87,300 cfs Dec2mber 23
was nearly equal to the maximum flow of record.

Flood damages along the McIenzie River were extensive. The
main powerplant of the Carmen-Smith Hydroelectric Project,
operated by Kugene Water and Electric Board, was flooded by
backwater caused by logs and debris piling up on Trail Bridge
Dam. Floodwaters destroyved 11 houses near Blue River and Me-
Kenzie Bridge. Surging flood waves from landslides and washed-
out debris dams along the Blue River contributed to destruction of
the gaging stations ou Blue River below Tidbits Creek and near
Blue River. In the lower McKenzie River valley, damage was
restricted to roads, bridges, farms, and undeveloped land.

Downstream from the McIlenzie River, the Willamette River at
Harrisburg (site 1055) reached a stage of 17.25 feet December 23,
5 feet above flood stage, and a peak discharge of 125,000 cfs. The
Corps of Engineers estimated that, without regulation by upstream
reservoirs, the peak discharge would have been 280,000 cfs at a
stage of 20.5 feet. The peak stage at this site during the flood of
1861 was about 21 feet. Wide arveas of agricultural land between
Harrisburg and Junction City were inundated, and eight persons
were evacuated by helicopter from Browns Landing near Junction
City.

Floods in the Long Tom River basin were not exceptional, and
storage in Fern Ridge Reservoir reduced downstream peak flows.
Marys River reached a peak discharge of 13,600 cfs December 22
at the station near Philomath (site 1064). 113 percent of that in
1955; the flood-plain overflow was a mile wide. Near Corvallis,
floodwater from the Long Tom River and Muddy Creek, backed up
by high stages in the Willamette River, formed a huge lake about
10 miles wide and foreed closure of U.S. Highway 99W.

At Albany additional high runoff from the Calapocia River
contributed to the peak stage of 33.93 feet December %4 in the

404-080 O - 71 - 9
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Willamette River. The estimated unregulated peak stage (table 19)
would have been 40.2 feet (1967 datum), higher than those in 1881
and 1890 but slightly below the stage of 41.0 feet in 1861. Damage
in the Albany area resulted mainly from flooding of homes, farmland,
and roads, mecluding Interstate Highway 5 north of Albany. In
North Albany, a woman was drowned, and families were evacuated
by train.

Peak flows were particularly high in the Santiam Piver basin.
The highest runoff at gaged sites in Oregon during the flood period
occurred in Quartzville Creek near Cascadia (site 1(23), where
the peak discharge of 36,500 cfs December 22 was equivalent to a
runoff of 868 cfs per sq mi. Runoff in the North Santiam River
was lower, but the peak discharge at the gaging stetion below
Boulder Creek (site 1071), above Detroit Reservoir, was 131 percent
of the previous maximum flow and 1.3 times that for a 50-year
flood. In spite of the regulation afforded by Detroit Dam, the com-
bined runoff from the North Santiam River basin downstream from
the dam and from the South Santiam River and Middle Santiam
River basins produced a peak discharge in Santiam River at Jeffer-
son (site 1089) that was only 3 percent less than the record maximum
of 202,000 cfs at a stage of 244 feet in 1921 prior to the construction
of Detroit Dam. Storage of inflow in Detroit Reservoir reduced
an estimated unregulated peak discharge of 255,000 cfs at a stage
of 26.1 feet at Jefferson to the observed flow of 197,070 cfs at a
stage of 242 feet, 9 feet above flood stage. Sediment trensport was
especially high, for the basin, at this site. Almost 4 days after
the flood peak, the suspended-sediment concentration was still more
than 1,000 ppm, and the suspended load was equivalent to more
than 200,000 tons per day.

Flood damage was extensive throughout the Santiam River basin,
and mmundation and erosion of croplands was particularly severe.
A large mud slide blocked State Highway 22 at Detroit Dam for
several days, and at Idanha, on the upper North Santiam River, nine
homes were washed away and the community was isolated for sev-
eral days. A switching facility was washed out just downstream
from Detroit Dam, and the powerplant was 1solated from the
Bonneville Power Administration system. The gaging station on
Quartzville Creek mnear Cascadia was destroyed. Landslides along
Quartzville Creek and its tributaries blocked the Quartzville road
for nearly a month. A fish hatchery on Quartzville Creek also
received considerable damage. Washout of a cofferdam at the con-
struction site of Green Peter Dam on the Middle Santiam River
caused damage estimated at $1.5 million. Logs released from a jam
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buildings were demolished or washed away as a result of undermined
foundations or the caving of streambanks.

Municipal facilities were severely damaged by erosion, transport,
and deposition of sediment. Water and sewerlines in many com-
munities were exposed by erosion or completely washed out. The
grounds and access roads to water-supply and waste-treatment
plants were eroded in many towns. Many water and sewerlines and
diversion structures, as well as drainageways in some cities and
towns, were filled with sediment and debris. At Rufus, O-eg., flows
from a usually dry gully deposited large boulders and gravel over
much of the town. Cottonwood Creek near Boise, Idaho, transported
an estimated 120.000-150,000 cubic yards of sediment (Columbia
Basin Inter-Agency Committee, 1965, p. 80), much of which filled
a drainageway or was deposited on the city streets. In some in-
stances, the scouring of streambeds may have had a beneficial
effect through removal of organic matter which caused high oxygen
demand. Turbidities were high in the surface-water supplies of cities
in the flood area. and because many of the cities could not treat
their supplies, the high turbidities continued for several days. The
turbidity of the Rogue River at the Grants Pass, Orez., water-
treatment plant, for example, reached 5,000 ppm (Columbia Basin
Inter-Agency Committee, 1965, p. 88) in December and required
flocculation before filtration treatment. Deposition of sediment in
municipal water-supply reservoirs was a major problem in the flood
area. Sediment deposits reached 11-foot depths in the Corvallis,
Oreg., water-supply reservoir on North Fork Rock Creek and were
estimated to occupy 7,500 cubic yards of space with resultant reduc-
tion in the storage capacity from 4.5-8.0 million gallons (Columbia
Basin Inter-Agency Committee, 1965, p. 89).

Sedimentation damage to fisheries was widespread. The eggs and
fry of salmon and other fish were scoured from the gravel beds in
some reaches of streams or were smothered by a thick blanket of
fine sediment in others. In some reaches, however, the reworking of
the gravels may have had a beneficial future effect on fish-spawning
areas because the porosity of the gravel was improved by removal
of fine material. Sediment deposition in fish hatchery ponds through-
out the flood area was a major factor in the loss of fish production.

Evosion and deposition of sediment caused much damage to recrea-
tion facilities, particularly campgrounds and picnic areas adjacent
to stream channels. Campgrounds and access roads were badly
damaged by erosion or deep deposits of sediment. Many camp-
grounds were completely devastated by the floods, and sediment
was deposited to depths of several feet in buildings that had been
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inundated by the floods. In mountainous areas many trails were
heavily damaged by erosion. Flood-caused turbidity was detrimental
to sports-fishing activities for many months.

Water storage, diversion, and other development works were
affected by the high flows and by sedimentation. Records cf sediment
accumulations In reservoirs are meager, but the data on sediment
loads transported indicated that the accumulations were high. Con-
struction at some dams was hampered by erosion and deposition in
the construction area, as at lower Monumental Dam on the Snake
River and at Green Peter Dam on the Middle Santiam River,
where cofferdams and other facilities were damaged by overtopping,
erosion, and debris accumulation. Sediment also plugged the large
bypass tunnels at the Oroville dam on the TFeather River in
California.

In addition to the effects noted above, other flood-related problems
became appavent after the flood. The formation of large gravel
bars in stream channels reduced the capacity of many streams, and
fine sediment deposits on flood plains provided material for dust-
storms. The channels of streams affected by erosion and sediment
deposition remained unstable for long periods as a result of sediment
transport and successive and repeated aggradation and degradation.
Sediment eroded from the upstream reaches is still accumulating
(1968) in the lower reaches of some rivers. For example, in most
coastal streams in northern California. there was appreciable
streambed aggradation in downstream reaches during the 3 years
following the floods as winter runoft brought in sediment that had
been deposited in upstream reaches during the floods.

FLOOD DAMAGE

The floods of December 1964 and January 1965 were by far the
most damaging in the history of the avea. Forty-seven deaths were
attributed to the storms or floods in December—2+ in north-coastal
California. 21 in Oregon, and 2 in Idaho. Total damage was more
than $430 million, more than twice that during the devastating
floods of December 1955; about two-thirds of this amount occurred
in the coastal basins in California and Oregon and in the Wil-
liamette River basin in Oregon. Most of the damage resulted from
the widespread storms and floods of December 1964, but extensive
damage was caused in Oregon, southeastern Washington, and Idaho
by the severe floods of late January 1965.

The large monetary losses caused by the floods resulted in large
part from destruction of communities, industrial plants, roads and
bridges, and various public facilities; however, agricultural, resi-
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dential, and commercial losses also were very large, and the disrup-
tion of normal business and industrial activities caused substantial
loss of income. Numerous storage reservoirs and flood-control facili-
ties provided substantial control of floodwaters in many basins and
prevented much greater damage.

Surveys of storm and flood damage were made by the Corps
of Engineers, Soil Conservation Service, Forest Service, and many
other Federal, State, county, and service and private orgenizations.
The Corps of Engineers assembled all available damage reports
made by other agencies, as well as reports of interviews with many
property owners, local organizations, public utilities, and private
firms. Flood damage for each of the principal hydrologic regions
is summarized in the sections that follow.

THE GREAT BASIN

Flood damage in the Great Basin part of the flood-affected area
totaled nearly $7 million. About $2.5 million of this amount occurred
in California and Nevada in nearly the same area that had suffered
about $4 million in flood damage during the floods of December
1955 and January 1956. Damage in Reno and Sparks, Nev., was
$237,000, about a fourth of that in 1955. Agricultural activities and
transportation facilities suffered the bulk of the nearly $4.4 million
flood damage in the Oregon part of the Great Basin. There were
no deaths in the Great Basin attributable to the floods.

Flood damage in California and Nevada is summarized, under
five categories by stream basins and river reaches, in table 2. The
flood damage in the Oregon part of the basin is summarized, under
eight categories by stream basius, in table 3.

SAN JOAQUIN RIVER AND SACRAMENTO RIVER BASINS

The flood of December 1964 caused widespread damege in the
northern San Joaquin River and the Sacramento River basins in
California. Flood damage totaled $43.7 million, 46 percent of that
experienced in these two basins during the floods of December
1955-January 1956, and included more than $9 million damage to
forest and park facilities in mountainous areas (as reported by the
Forest Service and the National Park Service). About 50 percent
of the total damage occurred in the valley-floor areas. but was
limited to a few areas by the effectiveness of existing flood-
control projects and conservation reservoirs. The flood of early
January 1965 caused relatively minor damage. There was no loss
of life in the San Joaquin River and Sacramento River basins
attributable to the flood.
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Damage in excess of $4 million each occurred in the Feather
River, Yuba River, and American River basins and in the Sacramento
River basin upstream from Shasta Dam. In the Festher River
basin the flood damages in the headwater areas and upstream from
construction on the Feather River, effected some detention of flood-
waters and reduced peak flows and damage downstresm, but the
contractor sustained moderately heavy damage to his cquipment.
The breaching of the partly built Hell Hole Dam on the Rubicon
River in the American River basin increased downstream flood
damage and added to the construction costs of the dem and ap-
purtenant facilities.

A summary of flood damage under five categories by stream basins
in the San Joaquin River and Sacramento River basins is pre-
sented in table 4.

NORTH-COASTAL CALIFORNIA

Twenty-four lives were lost in north-coastal California as a result
of the catastrophic floods of December 1964, and flood damage
totaled more than $195 million. The Eel River and the Klamath
River basins were the hardest hit, having flood damages of $81.6
and $71.6 million, respectively. The towns of Klamatl, Klamath
Glen, Requa, Camp Klamath, Metropolitan, and Pepperwood were
completely destroyed, leaving the residents homeless and many of
them destitute. Major damage occurred in towns and communities
such as Keno in Oregon, and Gasquet, Orick, Sawyers Bar, Orleans,
Weitchpec, Hoopa, Willow Creek, Hyampom, Shively, Holmes,
Weott, and Myers Flat in California. The American Red Cross
reported that about 7,900 families suffered losses. In addition,
approximately 2,000 homes and 400 trailers were destroyed or dam-
aged, and about 400 small businesses were destroyed or suffered
major damage. Public utility damage was severe. The forest-products
industry sustained very heavy damage, including loss of standing
timber, loss of logs and stockpiles of lumber, and the destruction of
mills and facilities. Damage on most of the streams where flooding
occurred far exceeded that for any previous flood, and the overall
flood damage was 414 times the $43 million loss in the region
caused by the great floods of December 1955—-January 1956.

Flood damage by stream basins is summarized under eight cate-
gories in table 5. In addition to the tremendous damage in the Eel
River and the Klamath River basins, the Russian Piver, Mad
River, and Smith River basins each suffered flood damage in excess
of $7 million. Healdsburg and Guerneville in the Russian River
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basin were badly damaged. The damage to roads, bridges, and rail-
roads, which was 43 percent of the total, seriously hampered
flood fighting, emergency activities, and postflood rehabilitation. Sub-
stantial costs were sustained in the repair and restoration of public
facilities and mitigation of public-health and safety hazards per-
formed under Public Laws 99 and 875 by the Corps of Engineers
at the request of the Office of Emergency Planning.

UPPER COLUMBIA RIVER AND SNAKE RIVER BASIMS

The flood of December 1964 caused severe damage throughout
much of the Snake River basin and in parts of the upper Colum-
bia River basin; the flood of late January 1965, however, caused
the greatest damage in the lower Snake River basin. Total damage
in the region from the two floods was more than $20 million, of
which $3 million occurred in basins tributary to the upper Colum-
bia River. Two lives were lost in the Snake River basin in Idaho
as a result of the floods in December. The most substantial damage
from the December flood occurred in the Clearwater River basin
and in the lower Snake River and minor tributary basins. In late
January, over 36 percent of the flood damage occurred in the
Grande Ronde River valley in Oregon. The principal losves in the
Snake River basin consisted of damage to agricultural land and
to dams and damsites, Damage at the Lower Monumentel damsite
on the Snake River, after a section of a cofferdam wsshed out,
was $1.2 million. The losses in the upper Columbia River basin
consisted primarily of damage to roads, bridges, and railroads and
to delays and interruptions of traffic.

Flood-damage estimates for the upper Columbia River basin are
summarized under seven categories by stream basins in table 6.
Flood damage in the Snake River basin is summarized under eight
categories by stream basins and reaches in table 7.

LOWER COLUMBIA RIVER BASIN

Flood damage occurred throughout most of the lower Columbia
River basin and amounted to more than $43 million. Twelve lives
were lost in Oregon in December from flood and storm-related
causes. Damage in the John Day River and the Sandy River basins
was particularly severe. Losses in the John Day River basin totaled
more than $6 million, and about $3 million of this damage was to
agricultural land and property. In the Sandy River basin residential
property and stream channels received most of the damage. The
greatest single loss was the failure of the recently constructed Inter-
state 80 Highway bridge at the mouth of the John Day River.
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Flood damage, summarized under eight categories according to
main-stem river reaches of the Columbia River and tributary basins,
is given in table 8. The total damage in the region was distributed
as follows: 27 percent, transportation facilities; 22 percent, agricul-
tural; 10 percent, commercial and industrial; 10 percent, utilities;
8 percent, residential; and 23 percent, public facilities, channel im-
provement and control structures, and emergency relief.

WILLAMETTE RIVER BASIN

Flood damage in the Willamette River basin totaled $45 million,
about 614 times the total value incurred by the floods of December
1955-January 1956. Three lives were lost as a result of the Decem-
ber floods. About 58 percent of the damage in the basin occurred
along the valley floor, whereas the heaviest monetary damage on a
tributary occurred in the Clackamas River basin and amounted to
11 percent of the total for the Willamette River basin. The extensive
flood-control facilities in the basin, including reservoirs and bank-
protection works, were effective in preventing much greater flood
damages in the Willamette Valley. The encroachment of housing
developments on the flood plain, however, contributed gratly to an
increase in residential losses over those resulting from the Decem-
ber 1955-January 1956 flood. Commercial and industrial property
along the main stem of the Willamette River near Oregon City
and Portland suffered about 28 percent of the damage. Floating
logs and debris from upstream sources were one of the principal
causes of damage in the lower valley, where they piled up against
bridges and demolished riverside facilities. Damage to agriculture
(primarily from erosion of crop and pasture land in the middle
valley) and damage to transportation facilities were 26 and 20 per-
cent, respectively, of the total loss. Damage exceeded $3 million in
each of the basins of the South Santiam, North Santiam, and
Clackamas Rivers. On the Middle Santiam River, approximately
$900,000 in flood damage occurred at the Green Peter damsite when
a construction cofferdam washed out.

Flood damage for main-stem river reaches and for tributary
streams 1s summarized in table 9.

COASTAL OREGON

The widespread floods of December 1964 and January 1965 in
coastal Oregon took six lives in December and caused flond damage
of $53 million in areas within and $9 million in areas outside the
influence of present or anticipated future-control projects. Damage
was six times that caused by the December 1955-January 1956
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flood. Nearly 50 percent of the damage occurred in the Umpqua
River basin, 31 percent in the Rogue River basin, and 6 percent in
the Coquille River basin; 13 percent was distributed throughout
the other coastal basins. Agricultural, residential, commercial and
industrial, and transportation damages were nearly equal in amount
and were the principal items of monetary loss. The largest con-
centration of damage probably was at Reedsport, where the flood-
water topped levees and inundated the town, causing damage of $4
million. More than 1,000 homes were inundated in the Rogue River
valley, and many bridges and homes were demolished by floating
debris. The loss of thousands of logs, washed away from mills
along the coast, was a severe blow to Oregon’s principel industry,
and logs contributed to the heavy debris loads of the streams.

Flood damage for coastal Oregon is summarized under eight
categories in table 10.

MINOR AREA OF FLOODING IN WASHINGTON

Damage caused by the floods of late January 1965 in the White
River and the Green River basins in Washington was estimated
at $327,000 by the Corps of Engineers, Seattle District. Seventy-
one percent of this amount was attributed to transportation damage.
The flood damaged mainly roads and bridges in the sparsely popu-
lated middle parts of the basins. Reservoir storage behind Howard
Hanson Dam prevented about $5 million damage in the Green
River basin; and storage behind Mud Mountain Dam prevented
about $1.7 million damage in the White River basin.

Although peak discharges were not outstanding, damage in other
river basins of western Washington, such as those of the Chehalis,
Snohomish, and Cedar Rivers, exceeded $2 million. Agricultural
and transportation damages constituted the prinecipal losses in these
basins.

FLOOD-CREST STAGES

Maximum-stage data for the floods of December 1964 and Janu-
ary 1965 were obtained at numerous points along the main stems
and key tributaries of several principal streams in the flood area.
These data include the maximum stages recorded or observed at
regular gaging stations and at stations established for stage ob-
servation only, as well as high-water elevations determined from
flood surveys.

Flood-crest stages at selected sites on the San Joaquin River and
four of its tributaries are given in table 11, the Sacramento River
and two tributaries in table 12, the Russian River and one tributary
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in table 13, and the Eel River and three tributaries in table 14. All
these sites are in California. Flood-crest stages for the Willamette
River in Oregon are given in table 15. The agencies that operated
the gages, made the surveys, or otherwise provided the data, are
indicated in the tables.

The maximum stages at selected sites in the San Joaquin River and
Sacramento River basins in California recorded during the floods
of December 1964 and early January 1965 are presented in tables 11
and 12. The principal floods occurred generally in December, but
the floods of early January were greater in a few tributary basins
or local areas in both the San Joaquin River and Sacramento
River basins. Storage and bypass regulation and flows from inter-
vening tributaries caused substantial modifications of flows in the
San Joaquin River between Friant Dam and the Stanislaus River
and in the Sacramento River from Shasta Lake to the Sacramento-
San Joaquin Delta. The tabulations of crest stages in these reaches
do not represent the continuous downstream travel of a ringle wave
but include, particularly in the San Joaquin River, the composite
effect of storage regulation and runoff from a second flood. Maximum
stage and discharge commonly occur concurrently, but in the delta
reaches of the lower San Joaquin and Sacramento Rivers and on the
Willamette River at Portland the maximum stages shown may not
be indicative of the maximum discharge, owing to tidal effects.

Stage data for the floods of December 1955-January 1956 at many
sites in these basins are also shown in tables 11 and 12. These stage
data indicate the magnitude of the floods of 196465 in relation to
those of 1955-56 along the main stems and lower reaches of the key
tributaries. The flood magnitudes in these streams were modified
somewhat in 1955-56, and to a greater extent in 1964-65, by the
storage regulation available and the operation of flood-control
facilities.

Maximum stages for the floods of December 22-23, 1964, in the
Russian River and Eel River basins in north-coastal California are
listed in tables 13 and 14. Most of the data were obtained by the
Corps of Engineers by leveling to floodmarks, but the time of oc-
currence of the floods could not be established. Stage data for the
flood of December 22-23, 1955, at regular gaging stations on the
Russian River and Dry Creek are also shown in table 13. Floodflows
in the Russian River in December 1964 were reduced substantially
as a result of the complete regulation by Lake Mendocino of the
flood runoff in the East Fork Russian River. Many of the flood
elevations in the Kel River basin were obtained at poirts used in
previous surveys. The December 1955 crest stages at many points
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TABLE 13.—Flood-crest stages, December 1964 and December 1955, in the
Russian River basin, California

[Agency supplying data: CE, U.S. Army Corps of Engineers; GS, U.S. Geological Survey]

Miles Altitude
upstream (ft) Agency
Stream and location from supplying

mouth December 22-23, December 22-23, data
1964 1955

Russian River:
Redwood Valley, at gage 3.8 miles

north.. . 105.2 811.4 GS
Redwood Valley..__....___...._......_.___._. 101.1 705.3 CE
Ukiah, at gage 3.6 milesnorth.. 96.7 631.4 633.0 GS
Ukiah, bridge on Regina Heights

road 92.7 594.9 CE
Hopland, at gage 4 miles north.......... 82.2 528.6 524 .6 GS
Mouth of Feliz Creek at Hopland.... 77.2 491.4 e CE
Cloverdale, at gage 5 miles

northwest......ooooeooeveceeeeeeceeen. 69.7 405.2 404.5 GS
Cloverdale, mouth of Big Sulphur

Creek 63.4 311.2 CE
Cloverdale ..., 62.8 302.7 CE
Asti.. 58.6 263.5 CE
Geyserville 53.1 209.0 CE
Jimtown.... 47.6 178.3 CE
Mouth of Maacama Creek................ 43.2 154.8 CE
Healdshurg, at gage 2 miles east ... 34.9 104.0 GS
Healdsburg, mouth of Dry Creek,

1.2 miles south of U.S. Highway

101 bridge.......cecoeuveeerenne. 31.9 87.7 CE
Mouth of Mark West Creek... . 23.6 73.7 CE
Gage, 3.4 miles east of Guern . 20.5 66.8 GS
Korbel 18.0 62.2 CE
Rio Nido 16.8 59.1 CE
Guerneville 15.2 55.7 CE
Monte Rio......... 10.2 41.9 CE
Duncans Mills 6.2 28.2 CE
Bridge at State Highway 1 2.2 18.1 CE
Jenner, 0.6 mile west............ 2 9.2 CE

Dry Creek:

Cloverdale, at gage 5 miles

southwest_. . . . 19.5 322.1 321.8 GS
Bridge at narrows 0.7 mile down-

stream from Warm Springs

Creek 13.3 205.4 208.5 CE
Geyserville, at gage 3 miles west_____ 10.4 177 e GS
Right bank opposite Manzanita

Sehool.. oo 4.1 121.9 CE
Healdsburg, at sewage disposal

plant..__ 2.1 99.5 CE
Healdsburg, mouth at mile 31.9 on

mainstem.................. .0 87.7 e CE

along the Eel River main stem and key tributaries are also shown
in table 14 to provide comparative data that may be useful in
studies of further hydrologic developments along these streams.

The maximum stages observed for the flood of December 1964 in
the Willamette River from Eugene to Portland, Oreg., are listed
in table 15. The estimated natural stages (without the effec* of regula-
tion by reservoirs) for the December 1964 flood, which were deter-
mined by the Corps of Engineers, and the observed crest stages for
the floods of December 1955, January 1943, and December 1861 are
presented also for comparison. The stage data were determined
from records at gaging stations or from flood profiles developed by
the Corps of Engineers. There were seven major flood-control reser-
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TABLE 14.—Flood-crest stages, December 196} and December 1955, in the
Eel River basitn, California

[Agency supplying data: CE, U.S. Army Corps of Engineers; GS, U.S. Geological Survey;
NPR, Northwestern Pacific Railroad]

Miles Altitude
upstream (ft) Agency
Stream and location from supplying
mouth December 22-23, December 22-23, data
1964 1955
Eel River (main stem):
Lake Pillsbury....c..oooooooeecee 163.5 1,830.1 1,827.5 GS
Gage 0.7 mile downstream from
Scott Dam 162.8 1,764 1,760 GS
Gage 1,000 feet downstream from
Van ArsdaleDam..__.__....._.._....__ 152 1,434 1,430 GS
Gage 2.1 miles south of Dos Rios..... 116 1,005 1,000 GS
Mouth of Middle Fork Eel River
at Dos Rios 114 925.6 910 CE
Gage 2.2 miles downstream from 112 883.3 871 GS
Middle Fork Eel River..
Bell Springs....... 94 709 NPR
Island Mountain 83 553 NPR
Gage at Alderpoin 69 357 GS
Eel Rock 54 245 NPR
McCann._._. 47 198 NPR
Mouth of South Fork Eel River...... 41 179.2 CE
Holmes.... 35 148.8 CE
Shively.... 33 143.9 CE
Elinor...... 30 140.0 CE
Stafford 27 132.5 CE
Scotia, gage at bridge 0.5
mile north 22.5 107.5 GS
Mouth of Van Duzen River. 14.7 64.0 CE
Fernbridge.._.......... 8.5 33.6 CE
Arlynda Corners... 7.0 21.9 CE
Eel River School on
Cannibal Road..........ooooeeeee. .5 13.5 11.6 CE
Middle Fork Eel River:
Mouth of Black Butte River...... . 30.4 e 1,469.6
Gage 0.2 mile downstream from
Black Butte River.......... 30.2 1,466.8 e GS
Mouth of Williams Creek. 27.9 e 1,396.4
Dos Rios, upstream 1.5 946.2 CE
Dos Rios .3 929 .8 CE
Mouth (mile 114 on Eel River
main stem). ..o .0 925.6 910 CE
South Fork Eel River:
Branscomb, at gage 4.7
miles north.......ooo 71 1,399.7 1,403.6 GS
Leggett 56 T46.2 e, CE
Lane Redwood Flat........__..._... 52 666.3 664.8 CE
Piercy . 44 516.5 515.0 CE
Richardson Grove...........cccocuceeeeeace 40 456.1 443 .6 CE
Benbow. 34 385.8 380.5 CE
Garberville 30 326.1 324.7 CE
Redway. 27 308.2 303.6 CE
Gage 4.3 miles southeast of
Miranda. . ..oooooooeeceeeeieeeeemeeceeee 21 263.6 260.3 GS
Phillipsville. 18.5 245.1 240.1 CE
Miranda, 1 mile downstream_..__._.. 13.5 228.1 220.8 CE
Myers Flat. 7.5 205.0 197.0 CE
Burlington ... 5.0 190.6 177.7 CE
Weott.__. 2.5 185.2 171.6 CE
Mouth (mile 41 on Eel River
main stem).....oooooueeeieeeeenee .0 179.2 165.6 CE
Van Duzen River:
Gage 2.8 miles west of Dinsmores.... 44 2,019.4 GS
Bridgeville, at site of former gage.... 28 e 622.0
Gage 4 miles west of Bridgeville 24 423 420 GS
Grizzly Creek State Park.. 21 371.4 CE
Cummings Creek Camp.... 9 159.5 CE
Carlotta. 6 118.2 CE
Hydesville 3.5 87.2 CE
Flood plain near Alton 1.8 70.2 CE
Bridge at U.S. Highway 101 .6 65.1 CE
Mouth (mile 14.7 on Eel River
mMain Stem)...ooeeeeeecee s .0 64.0 58.0 CE
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TABLE 15.—Flood-crest stages, floods of 1964, 1955, 1943, and 1861, in the
Willamette River in Oregon

[Agency supplying data: CE, U.S. Army Corps of Engineers; GS, U.S. Geological Survey]

Altitude
(ft)
Miles
upstream December 1964 December January Decemrber Agency
Site from 1955 1943 1861 supplying
mouth ata
Observed Estimated Observed Observed Observed
natural !
Eugene ... ... 182.2 411 421 412 421 423 CE
Mouth of McKenzie
River....__.. .. 175 376 382 374 378 384 CE
Harrisburg.. 161.2 307.6 310.9 306.3 309.2 311 GS
Mouth of Long Tom
River. 145.9 248 254 247 250 255 CE
131.4 217.8 223.6 215 218 223 CE
119.3 201.1 207 .4 198.9 202.3 208 GS
109 182 193 180 186 193 CE
Independence.. 96.1 158 168 155 159 169 CE
Salem 84.1 143.9 151.4 139.6 144.1 15% GS
72 114 126 110 113 127 CE
54.9 106 117 96 103 118 CE
39 94.7 102.8 85.9 91 105 GS
35.7 92z 101 82 88 102 CE
28.4 72.3 78 67 70 T2 CE
) 26.6 70.1 73.5 CE
Oregon City, lower 26.3 49.6 60.8  ih e e CE
Portland 12.8 31.4 36.0 23 21 26 CE

- tEstimated by Corps of Engineers.

voirs in operation during the December 1964 flood; four of these
were in operation in 1955 and two in 1943, but none existed in
1861. Crest stages that occurred at Portland during the floods of
June 1894 and May 1948 as a result of backwater from bigh stages
in the Columbia River were higher than those in December 1964.

STORAGE REGULATION

Reservoir storage substantially reduced the magnituce of peak
floodflows on many streams in the flood-affected area. The storage
was provided by flood-control reservoirs and many reservoirs con-
structed primarily for water conservation or for hydroelectric-power
production purposes. Some of the more significant effects were
mentioned in the preceding discussions of the floods end of the
flood damage. Pertinent information on flow regulation or flood
peak reduction by the major reservoirs in the hydrologic regions
of the flood area are discussed briefly in the following sections.

THE GREAT BASIN
Reservoir storage in stream basins draining the eastern slope of the
Sierra Nevada reduced the magnitude of flood runoff mn the southern
part of the Great Basin. The upper Carson River basin has relatively

404-080 O « 71 - 12
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little storage capacity, and the effect of any regulation on flood
peaks 1s slight. However, the Lahontan Reservoir on the lower
Carson River, operated principally for irrigation and power pur-
poses, fully contained the inflow from the December 1964 flood and
reduced a moderate-sized flood to nondamaging flows; thus flood
damage in the city of Fallon. Nev., and in the highly developed
irrigated area nearby was prevented.

Lake Tahoe contained nearly all the flood runoft from the Truckee
River basin upstream from the outlet of the lake. During the
period December 19-30. the lake rose 1.9 feet, and tke contents
increased 234,000 acre-feet; the outflow from the lake was controlled
to an average flow of 70 ¢fs and a maximum daily flow of 116 cfs
December 23. The lake levels rose 2.4 feet during the period Decem-
ber 19-January 31, and the contents increased 295,000 acre-feet;
the outflow was less than 10.000 acre-feet. The small outflcw, in rela-
tion to peak discharge downstream, is characteristic of Lake Tahoe,
which has a large storage capacity in comparison to the yield of
the contributing area.

The reservoir on Prosser Creek. a tributary of the Truckee River,
detained a peak inflow of 6,500 cfs December 23. The outflow was
reduced to about 50 cfs at the time of peak inflow and was less
than 500 cfs throughout the critical flood period December 21-24.
Boca Reservoir. near the mouth of the Little Truckee River, de-
tained a peak inflow of 10,600 cfs December 23, and the outflow only
increased from 84 to 1.100 cfs between December 21 and 24. The
maximum outflows from the two reservoirs occurred December 25,
more than 48 hours after the peak flows in the Truckee River, and
were less than 30 percent of the peak inflows. The combined storage
in Prosser Creek and Boca Reservoirs significantly reduced the
peak discharge in the Truckee River downstream from the reser-
voirs and past Reno, Nev. Flood-routing studies by the Corps of
Engineers indicated that the flow reduction at Reno was about
14,000 cts and that the reduction prevented a record peak, very
heavy flood damage. and possible loss of life, particularly in the
Reno-Sparks area. Pyramid Lake. at the lower end of the Truckee
River. rose 0.7 foot between November 28 and December 29, 1964,
and an additional 0.7 foot between December 29 and February 4,
1965.

SAN JOAQUIN RIVER AND SACRAMENTO RIVER BASINS

Reservoir storage substantially reduced the magnitude of peak
floodflow in many streams in the San Joaquin River and Sacra-
mento River basins. The storage was provided by meny reser-
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voirs constructed primarily for irrigation, power, and water-con-
servation purposes; by large multipurpose reservoirs that include
reservations for flood-control storage; and by several reservoirs
constructed specifically for flood control. The major reservoirs in the
region are listed in table 16, which includes data on the storage
space available at the beginning of the floods of December 1964
and early January 1965, on the storage space used, and on the peak
inflow and the peak outflow. Several small flood-control reservoirs
are included. In many reservoirs the detention of floodflows caused
moderation of the peak discharge, and the peak outflows were de-
layed, many for several days. The resulting effect on downstream
peak discharges, thus, was more substantial than indicated by the
differences in the peak inflows and outflows shown in the table.

The major reservoirs in the San Joaquin River basin are on the
east side of the valley on streams draining the Sierra Nevada.
Flood runoff in the upper San Joqauin River was largely contained
in the numerous power and water-conservation reservoirs in the
headwater areas and in Millerton Lake. In the San Joaquin Valley
the large storage capacity in the many miles of channels and sloughs
and in bypass channels provided additional regulation. Lake Mec-
Clure, on the Merced River, fully stored the December floodflows,
but was filled by runoff from the early Jamuary storm. A peak
flow of 11,000 cfs occurred January 8 downstream in Merced River
at Stevinson (site 114). Tuolumne River flows were largely con-
tained in Don Pedro Reservoir and in the Hetch Hetchy system
reservoirs upstream. The peak discharge of 11100 cfs in Tuolumne
River at Modesto (site 143) January 7 consisted of the controlled
release of 8,150 cfs from Don Pedro Reservoir and runoff from the
intervening area. On the Stanislaus River and the heavy flood run-
off exceeded the available reservoir capacity, and the outflow from
Tulloch Reservoir reached a peak of 41,000 cfs December 24. Chan-
nel storage reduced this peak discharge to 32.800 cfs Dscember 25
at the gaging station at Ripon (site 163).

Discharge in San Joaquin River near Vernalis (site 164) was
controlled to about 20,000 cfs during the critical flood period and
reached a maximum of 22,800 cfs January 12, as compered to the
record flows of 79,000 cfs in 1950 and 50,900 cfs in 1955. The rela-
tively low but sustained floodflow near Vernalis resulted from the
storage regulation afforded by the reservoirs on the major tributaries
(the Merced, Tuolumne, and Stanislaus Rivers), the channel storage
on these tributaries downstream from the reservoirs and on the
main stem, and the absence of coincidence in the peak flows from the
tributaries. The New Hogan Reservoir on the Calaveras River and
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TABLE 16.—Reduction of December 196} and January 1965 flood discharge by storage
regulation in the San Joaquin River and Sacramento River basins in California

[Compiled by U.S. Army Corps of Engineers, Sacramento District]

Available
storage Storage Peak Peak
Reservoir Stream basin space at space inf ow outflow
beginning used (c's) (cts)
of flood (acre—ft)
(acre—ft)

San Joaquin River basin

.. San Joaquin River.. 294,500 78,900 9,000 69
Mariposa Creek. _ . 15,000 38,920 123,650 1 2820

Millerton Lake

Owens Creek 3,600 224 12933 12120
.. Bear Creek... 7,700 1,080 126,940 121,340
. Burns Creek. 6,800 290 124,070 1121, /670
Lake McClure.......c.c..cocveee... Merced River.. . 263,300 203,300 35,000 216,800
Lake Eleanor (Lake Lloyd).. Tuolumne River. . 24,300 25,400 ... 12667
Cherry Valley. 86,400 111,670 15
Hetch Hetchy.... 247,100 119,800 1784
Don Pedro.... 117,800 43,400 28,150
Beardsley .. 42,800 9,930 2,840
Donnells. 33,100 12,900 7,620
Melones.. 73,200 48,700 39,000
Tulloch.. . .....do. 15,800 43,300 41,000
Farmington. . .. Littlejohn Creek..... 52,000 15,500 18,100 2 ,220
New Hogan.. Calaveras River..... 308,200 94,800 21,000 21,640
Lower Bear... Bear River.. . 18,300 18,300 7,560 ()
Salt Springs.. " Mokelumne River.. 134,500 75,100 32,000 4,780
Pardee . eedoo 8,200 18,800 32,100 28,400
Camanche. ..do 375,900 165,900 28,400 2,900
Jenkinson Lake..................__ Cosumnes River...... 11,400 11,640 11 290 13377

Sacramento River basin

Shasta Lake. ... Sacramento River.. 1,963,000 792,000 187,000 54,500
Whiskeytown Clear Creek 32,000 36,200 20,900 3,640
EastPark. . ... ... . Stony Creek.......__... 36,400 30,100 14,800 0
Stony Gorge................ .. d 36,300 87,000 29,600 18,200
Black Butte........_._......_.... ... 131,000 68,100 47,000 19,300
Frenchman LaKe...... ... Feather River.... .. 21,900 7,000 18,090 12
Lake Almanor.... . 145,800 30,000

Butt Valley. ,900 3,400 ... ..
Bucks Lake... - 34,900 ... e
Oroville Dam embankment.. 155,200 250,000 158,000
Lake Fordyce... 18,360 -
Lake Spaulding. 16,900 -
Bowman Lake. 36,900 - 2,600
Englebright. .. 8,880 176,000 171,000
Scotts Flat. 24,110 - 0
Rollins. ..o oo 54,630 (3)
Camp Far West.._._..._....__... ... do. 57 000 72,000 12,000
Loon Lake.......__._._...._.._.. American River. .. 67,600 19,790 1287
Union Valley.. .....do 130,700 89,140 14,480
Ice House de 34,180 22,180 . i e
Folsom Lake do. . 433,000 322,000 280,000 115,000
Clear Lake . Cache Creek. 254,000 210,000 ... 4,680

Lake Berryessa. .. . Putah Creek ... 244,000 210,000 67,100 8,950

1Daily.

2Qccurred about January 7, 1965.

sSpilled.

‘Dam under construction; 650,000 acre-ft capacity available to top of embankment.

the new Camanche Reservoir on the Mokelumne River, in combina-
tion with the upstream Salt Springs and Pardee Reservoirs, pro-
vided complete regulation of flood runoff in these basins.

Reservoir storage was particularly effective in reducing the magni-
tude of flood runoff and damage in the Sacramento River basin.
Outstanding regulation was afforded by Shasta Lake on the Sacra-
mento River, Lake Almanor on the North Fork Featlor River,
Union Valley Reservoir and Folsom Lake in the American River
basin, Clear Lake on Cache Creek, and Lake Berryessa on Putah
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Creek. The peak inflow of 187,000 cfs to Shasta Lake (site 236)
December 22 was fully contained, and outflow was controlled to
6,000 cfs during the critical flood period. At the Oroville Dam,
under construction on the Feather River, the partly completed
embankment was effective in the detention of a record poak inflow
of 252,000 cfs; the subseugent outflow reached a maximum of 158,-
000 cfs 17 hours later. Folsom Lake on the American Piver fully
contained flood runoff in the basin, including a tremendous flood
wave released down the Middle Fork American River by failure of
the partly completed Hell Hole Dam on the Rubicon River. Inflow
to Folsom Lake had peaked at 214,000 cfs and was receding when
the flood surge raised the peak inflow to a recordbreaking 280,000
cfs; however, outflow was controlled to 115,000 cfs, the design
capacity of the American River levee system. The storage of about
325,000 acre-feet of water in Clear Lake during the flood period
and the regulation of outflow reduced high basin runoff to 5,320
cfs January 5 in Cache Creek near Lower Lake (site 409). Lake
Berryessa on Putah Creek retained the full flood runoff and re-
duced the peak inflow of 67,100 cfs December 22 to a controlled
peak outflow of 7,740 cfs January 7 at the station neer Winters
(site 425). The extensive bypass system, many square miles of low-
lands, and the many miles of levees, channels, and sloughs in the
Sacramento River Flood Control Project, combined with channel
storage in the valley reaches of the Sacramento River and tribu-
taries, provided a large storage capacity that aided very significantly
in limiting peak flow on the lower Sacramento River and in re-
ducing flood damage.

NORTH-COASTAL CALIFORNIA

Three major storage reservoirs in north-coastal California and
several reservoirs in headwater areas or smaller basins were effec-
tive in reducing the magnitude of flood runoff and moderating flood
damage during the floods of December 1964 and early January 1965.
Storage in Lake Hennessey on Conn Creek, a tributary of the Napa
River, reduced December floodflows downstream at Napa.

Lake Mendocino (capacity, 122,500 acre-ft), on East Fcrk Russian
River near Ukiah, completely contained the floodflows during the
critical periods for the December and January floods. The inflows
of 18,700 cfs December 22 and 14,400 cfs January 5 exceeded
previous record flows, but the outflows were controlled to 10 cfs;
the resulting combined flows in the Russian River downstream
from the confluence were only about 50 percent of the flow that
would have occurred without the storage.



A172 FLOODS, DEC. 1964 AND JAN. 1965, FAR WESTERN STATES

The outflow from Lake Pillsbury, the only reservoir in the Eel
River basin, measured at the station below Scott Dam, near Potter
Valley (site 484), reached a maximum of 56,300 cfs D~cember 22
several hours after the probable time of peak inflow, This discharge
exceeded previous maximum flows by about 37 percent, and modera-
tion by storage probably was slight. The lake provides regulation for
runoff from a headwater drainage area of 289 square miles

Ruth Reservoir (capacity, 42,000 acre-ft), in the npper Mad
River basin, was constructed in 1962 primarily as a water-supply
facility without flood-control storage. In December 1964 the reser-
voir provided enough detention of flood runoff from headwater areas
to reduce the peak discharge at the midbasin gaging station on Mad
River near Forest Glen (site 524) to 51 percent of the record
flow in 1955, whereas the general heavy basin runoff produced a
peak discharge at the downstream station near Arcata (site 528)
that was 90 percent of the peak in 1955.

Upper IKJamath Lake controls runoff in the upper Klamath River
basin. Some modification of peak-discharge rates results also from
the perviousness of the soil and mantle rock in the headwater re-
gions and from natural storage provided by extensive marsh areas
upstream from the lake. Peak discharges for the flood of December
1964 in streams tributary to Upper Klamath Lake were high, and
those in the Sprague River were more than twice the previous
record flows. Though the maximum daily inflow to the lake was
about 20,000 cfs December 25, the maximum outflow was only
about a third of this and occurred during the first week in January.
Lake Dwinnell (capacity, 50,000 acre-ft), on the Shasta River in
the Klamath River basin, stored flood runoff from 139 square miles,
and thus provided some reduction in the extremely high flow of
21,500 cfs December 22 in Shasta River near Yreka (site 557). Clair
Engle Lake, on the Trinity River (usable capacity, 2,437,700 acre-
ft), fully contained flood runoff from a drainage area of 692
square miles upstream from Lewiston, Calif. The masimum bi-
hourly inflow of 84,000 cfs December 22 (site 583) was 117 percent
of the record flow in 1955 at the gaging station at Lewiston
(site 584), but outflows were maintained at about 220 cfs during
the flood period.

UPPER COLUMBIA RIVER AND SNAKE RIVER BASINS

Reservoir storage effectively reduced peak flows in strewms in the
Upper Columbia River and Snake River basins. In the Snake River
basin, 12 major reservoirs, extending downstream from the American
Falls Reservoir, stored 626,000 acre-feet of water during the critical
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TABLE 17.—Daily change in storage in reservoirs in the Snake River basin, Idaho and
Oregon, during the flood period December 21-27, 196}

[Compiled by U.S. Army Corps of Engineers, Walla Walla District]

Gain or loss (—) in storage
(thousands of acre-ft)

Reservoir Stream basin
December 1964

21 22 23 24 25 26 27
American Falls_...._.. Snake River............ 9.7 15.8 19.9 16.3 17.8 16.7 11.2
Magic..... .. Big Wood River. 4 3.5 6.7 10.5 1.6 4.0 4.3
Owyhee... .. Owyhee River. 2.2 2.4 19.7 41.1 33.1 17.4 13.0
Anderson Ranch.... Boise River.. .5 3.8 15.3 9.7 5.8 3.8 2.9
Arrowrock..... 3.2 264 30.9 21.0 13.5 9.2 7.8
Lucky Peak .3 6.3 8.2 7.4 4.3 3.0 2.6
‘Warmsprings. 1.0 4.0 12.0 10.0 8.0 5.0 4.0
Agency Valley .1 7 6.2 3.6 2.2 1.5 1.3
Bully Creek 1 7.0 2.8 3.1 1.0 7 .3
Deadwood. .3 .8 2.4 2.0 1.3 1.0 1.0
3.0 10.2 20.9 10.6 6.3 3.6 4.5
—2.2 5.2 13.5 33.2 11.9 —10.4 -—20.9

flood period, December 21-27. The daily gain or loss in storage in
these reservoirs during this period is shown in table 17. Additional
water was stored in Snake River reservoirs upstream from the flood
area and in numerous small reservoirs throughout the entire region.
In American Falls Reservoir, just upstream from the major flood
area in Idaho, over 700,000 acre-feet of storage capacity was unused
during the critical pertod of the flood. Magic Reservoir, in the Big
Wood River basin, stored all the inflow, and the daily outflow in
December did not exceed 8 cfs. Owyhee Reservoir on the Owyhee
River in Oregon also stored all inflow, and the daily release was
less than 6 cfs during the period December 21-27. As in December
1955, the three major reservoirs m the Boise River basin—Arrow-
rock, Anderson Ranch, and Lucky Peak—stored all the inf'ow during
the critical period of the December flood. Downstream the flow of
Boise River at Boise (site 715) was less than 300 cfs until January
11, as a result of the complete storage regulation. Warmsprings,
Agency Valley, and Bully Creek Reservoirs in the Mall'aur River
basin in Oregon and Deadwood and Cascade Reservoirs in the
Payette River basin in Tdaho also stored all inflow.

The peak discharge of 72,400 cfs December 25 in Snake River at
Weiser (site 756) was equal to the 12-year flood and just above
70,000 cfs, the approximate flow at bankfull stage. Ctorage in
Brownlee Reservoir on the Snake River downstream from Weiser
also helped reduce flood peaks during the critical period.

During the flood of late January 1965, all the major reservoirs
in the basin, except Bully Creek, had storage space aveilable and
were able to store the flood runoft. Spill from Bully Creek Reservoir
contributed to flooding along the Malheur River downstveam from
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Vale, Oreg. The peak discharge on Snake River at Veiser (site
756) was about 62,000 cfs January 31, well below flood conditions.

In the upper Columbia River basin, flood storage was afforded
in December primarily by Coeur d’Alene Lake and by the planned
regulation of power reservoirs on the Columbia River. Natural
storage in Coeur d’Alene Lake substantially modified a peak in-
flow of more than 100,000 efs December 26, as indicated by the
30,900 cfs measured at the station on Spokane River at Post Falls,
Idaho (site 639). On the Columbia River substantial storage space
and ultimate flood control was obtained by scheduling the distribu-
tion of water and power production among the “run-of-river” power-
plants. Flood-control operations on the upper Columbie. River re-
duced the discharge downstream from Priest Rapids Dam from
80,000 cfs December 22 to 40,000 cfs December 24 and 25.

Storage in the major Snake River reservoirs and in the reser-
voirs in the upper Columbia River basin reduced the December
1964 flood stage of the lower Columbia River in the Portland-
Vancouver area by approximately 2 feet, the Corps of Engineers
estimated.

LOWER COLUMBIA RIVER BASIN

Storage in irrigation and power reservoirs during December 1964
substantially reduced flooding in parts of the basin and provided
some reduction of flow in the lower Columbia River. In the Umatilla
River basin, storage in McKay Reservoir near Pendleton reduced
flooding on the Umatilla River in December. During the period
December 21-31, about 22,000 acre-feet of water was stored, but
only 36 acre-feet was released. Storage in several small flood-control
and irvigation reservoirs reduced local flooding in December in parts
of the Umatilla River basin and the Walla Walla River basin in
Washington.

Prineville and Ochoco Reservoirs and Lake Billy Chirook in the
Deschutes River basin in Oregon stored most of the rmoff from
upstream aveas, although runoff downstream from the reservoirs
produced the highest discharge in 62 years of record at the mouth
of the Deschutes River. Prineville Reservoir on Crocked River
(capacity, 154,700 acre-ft) and Lake Billy Chinook (capacity,
534,700 acre-ft), a power reservoir on the Deschutes Piver, each
stored water at a rate of about 15,000 cfs during the critical period
of the flood. Prineville Reservoir reduced a record peal inflow of
about 20,000 cfs December 23 to a nondamaging outflow that reached
a peak of only 3,300 efs December 30 at Prmeville (site 958), and
it thus protected the city of Prineville and farmland downstream.
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An outflow of about 4,000 cfs from Lake Billy Chinook was in-
cluded in the record peak discharge December 22 at Mocdy at the
mouth of the Deschutes River.

Major reservoirs in the headwaters of the Deschutes Piver such
as the Crane Prairie and the Wickiup Reservoirs and Crescent
Lake, which have a combined storage capacity of 355,000 acre-feet,
were upstream from the area of major flooding and were not a
major factor in reducing downstream discharge.

Natural storage is provided in the upper Deschutes River basin
by the extremely porous lava which underlies much of the basin.
A substantial part of the rain, snowmelt. and flood runoff in this
area infiltrates into the ground, is stored, ultimately is released
through numerous springs, and produces relatively high sustained
streamflows in the summer months.

On the Lewis River in Washington, storage at the Swift, Yale,
and Merwin power dams provided incidental reduction of flow in
the lower Columbia River.

During the late January flood, storage in McKay Reservoir in
the Umatilla River basin and in smaller reservoirs in the Umatilla
River and Walla Walla River basins again reduced flooding down-
stream. McKay Reservoir, which controls flows from 8 percent of
the 2,290-square-mile Umatilla River basin, stored practically all
inflow until after the main peak on the Umatilla River had passed
the mouth of McKay Creek. The outflow from the reservoir was
then gradually increased, although storage space was available
throughout the flood period. The maximum inflow to McKay Reser-
voir was 7,400 cfs January 80, but the maximum outflow was only
1,320 cfs February 2. Storage in Mill Creek flood-control reservoir
in the Walla Walla River basin reduced flooding on lower Mill
Creek. Lake Billy Chinook in the Deschutes River basin was full
at the time of the late January flood, but because runoff from the
flood was not outstanding, storage space was not needed. Prineville
Reservoir stored most of the runoff from the Crooked River basin.

WILLAMETTE RIVER BASIN

Reservoir storage and flow regulation in the seven meajor flood-
control reservoirs in the Willamette River basin shown below substan-

Storage (in
thousands of

Reservoir River December 1964 acre-ft.)
Hills Creek _______ Middle Fork Willamette _____ 21-25 179
Lookout Point _________ A0 21-26 332
Cottage Grove ____Coast Fork Willamette ______ 20-23 34
Dorena .. ________ Row 20-23 86
Cougar - _____.____ McKenzie _ . ________ 21-26 146
Fern Ridge -—-__.__Long Tom __________________ 20-27 111

Detroit —__________ North Santiam ______________ 21-26 312
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tially reduced the peak discharges of the December 1964 flood. The
reservoirs stored 1,200,000 acre-feet of water during the critical period
of the flood.

The reservoir storage provided almost complete control of flows
at the time of the peak inflows in December, effecting very sub-
stantial reductions in the peak discharges and flood damage down-
stream from the reservoirs. Special releases of water were necessary,
however, near the end of the flood period so that the storage space
could be efficiently utilized. The resulting maximum outflows aver-
aged about 27 percent of the peak inflows and occurred s>veral days
after the principal uncontrolled peaks in the basin.

The flood in late January 1965 was moderate in the Willamette
River basin; much of the basin was not in the area of major flooding.
The seven flood-control reservoirs stored about 550,007 acre-feet
of water during this flood period.

The reductions in the maximum stages and discharges at selected
stations in the Willamette River basin that resulted from storage
and regulation are shown in table 18. Data are given on the estimated
maximum flow without regulation, the peak discharge as observed,
and the reductions in both stage and discharge achieved during the
floods of December 1964 and January 1965. The natural maximum
flows in the region generally occurred December 22 or 23; the regu-
lated peak flows occurred from a few hours to several days later.
In January the normal peakflows occurred January 28 or 29,
with comparable lag in the regulated peakflows.

Channel storage was a factor in reducing peak discherge in the
lower reaches of the Willamette River, as it was in December 1955.
Although the peak discharge in the Willamette River in December
1964 showed a net gain between Salem and Wilsonville, the at-
tenuation of the peak by channel storage partly offset the effect of
inflow from streams in the intervening area. In late January the
peak discharge at the downstream station at Wilsonville was less
than that at Salem, despite inflow of about 20,000 cfs batween the
two sites at the time of the peak.

The regulated peak discharge in the Willamette River at Oregon
City in December 1964 was 40 percent greater than in December
1955, and the estimated unregulated flow was 64 percent greater;
the 1964 flows, however, were slightly less than the discharge during
the legendary flood of 1861, as shown by records at Albany and
Salem. Though the storage regulation did not maintain the con-
trolled streams within their banks, the flood-stage reductions pre-
vented very serious flooding in populated areas. In the Portland
area the Willamette River basin flood-control reservoirs reduced the
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flood stage 4.6 feet. Flood regulation in the Columbia River provided
about 1 foot additional reduction. Thus, as estimated b7 the Corps
of Engineers, without the available storage regulation the maximum
stage at Portland would have been 36 feet (4.6 feet higher than the
regulated stage) and would have caused a major catastrophe.

COASTAL OREGON

Surface storage regulation had little effect on flood peaks in
coastal Oregon; there are no large reservoirs in the ares. Emigrant
Reservoir (capacity, 39,000 acre-ft) on Emigrant Creek near Ash-
land, which provides regulation for 64 square miles in the Rogue
River basiu, stored about 15,000 acre-feet of water during the critical
period of the flood, December 17-25. This storage helped reduce
local flooding from Bear Creek near Medford, but the effect on
river flows downstream was minor because the regulated basin
represents only about 1 percent of the Rogue River drzinage area.
There are no other reservoirs with flood-storage space in the coastal
Oregon region.

Infiliration of rainwater and snowmelt into the porous volcanic
material in the upper Umpqua River and Rogue River besins in the
vicinity of Crater Lake is believed to have substantially reduced
flood peaks in those basins. This natural reservoir abrorbs large
quantities of water and releases it gradually as ground-water out-
flow during ensuing weeks and months and thus sustain< relatively
high flows in streams during the low-water season.

FLOOD FREQUENCY

The recurrence interval, or return period, of a flood of a given
magnitude is the average interval of time within whicl the given
flood will be exceeded once by the annual maximum discharge. The
recurrence interval is inversely related to the chance of a specific
flood discharge being exceeded in any one year. Thus, a flood with
a 50-year recurrence interval would have 1 chance i £ of being
exceeded In any one year. Recurrence intervals are average figures
based on historical data; because the occurrence of floods is erratic,
the 50-year flood may not necessarily occur in any given 50-year
period, or floods of this magnitude may occur several times during
that period. A similar relation is true for a flood of any given
recurrence interval.

Recurrence intervals for most of the maximum discharges of the
floods in December 1964 and January 1965 (table 19) were deter-
mined from the flood-frequency relations developed in Water-
Supply Papers 1684 through 1689 on magnitude and frequency of
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floods in the United States, Parts 10-14. The recurrence interval is
not given for regulated streams unless adjustments can be made for
the regulation, nor for discharges exceeding that of the 50-year
flood. In the latter case, the ratio of the 1964-65 discharge to the
50-year flood discharge is given and footnoted as such.

DETERMINATION OF FLOOD DISCHARGES

Discharge at a gaging station is determined usually by develop-
ment of a stage-discharge relation from current-meter measure-
ments made at various stages and by application of this relation to
records of stage. The record of stage is obtained generally from a
water-stage recorder installation that provides a continuous graphic
or punch-tape record. The reliability of the stage-discharge relation
(rating curve) depends on the extent to which the discharge may
be defined by measurements over the full range in stage. Short
extensions of rating curves are made usually by logarithmic plotting,
or on the basis of slope-conveyance studies or velocity-area studies,
or by use of other measurable hydraulic factors.

The floods of December 1964 and January 1965 were of such
broad areal extent and severity that current-meter measurements
could not be obtained at many gaging stations at or near the time
of the maximum discharge. Measuring facilities such as cableways
and bridges were destroyed, and access roads and bridges were
flooded or isolated by washouts. On some smaller streams the dura-
tions of the principal flood peaks were too short to permit measure-
ment. The sites requiring flood measurements during the period of
the major peak were far too numerous for direct measurement of
discharge by current meter by the trained personnel aveilable. In
many instances, however, several substantial peaks occurred during
the flood period as a result of continuing rains in December and
the storms in January. Current-meter measurements obtgined dur-
ing the later peaks were effective in the definition of the stage-
discharge relations at many stations.

At many gaging stations no high-water current-meter measure-
ments were made during the floods, or the previous measurements
were inadequate to define the extreme flows; therefore, the peak
discharge was obtained by slope-area, contracted-opening, culvert,
flow-over-dam, or other types of indirect measurements. At several
miscellaneous sites where high runoff occurred, the peak flow was
determined by indirect measurement.

Indirect measurements were made at more than 200 sites through-
out the area covered by this report. Peak discharge at an additional
several hundred crest-stage stations was determined by computation
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of flow through culverts. These indirect measurements were based
on field surveys of high-water profiles, channel geometry, and hy-
draulic structure geometry and were computed in accordance with
established hydraulic principles. They are indirect only in the sense
that the data are collected subsequent to the passage of the maximum
flow. General descriptions of the indirect-measurement methods
used by the Geological Survey are given in Water-Supply Papers
778-E, 798, 816, 843, and 888; more detailed information on tech-
niques is available in publications and reports of the Geological
Survey, such as selected chapters in the series “Techniques of Water-
Resources Investigations of the United States Geologic~l Survey.”

SUMMARY OF FLOOD STAGES AND DISCHARGES

Maximum stages and discharges at 1,240 gaging stations, partial-
record stations, reservoir stations, and miscellaneous rites in the
area covered by this report are summarized in table 19. The refer-
ence numbers in the table correspond to those on the location maps
and to the numbers used for identification in Water-Supply Paper
1866-B. As an added means of identification, each gaging station
is listed with its permanent network-station number in the same
downstream order used in the annual streamflow reports of the
Geological Survey. Most of the miscellaneous sites are identified in a
similar manner,

The derivation of the maximum data is explained in the station
description for each site given in part 2 of this report (WSP
1866-B). The maximum flow values given in table 19 for streamflow
sites are for flows that passed the gaging station or measurement
site, with no adjustments for storage, regulation, or diversion. For
all the reservoir stations, the maximum stage and contents are
given; for some of the stations the computed peak inflow and,
occasionally, the computed outflow are given also (station 159,
table 19).

In table 19 the first column under maximum floods shows the
period of known floods prior to December 1964. This period does
not necessarily correspond to that in which continuous records of
discharge were obtained, and for some stations the record extends
back to an earlier date. More than one period of record is shown for
some stations. Separate time periods are given when they can be
associated with a specific flood occurring prior to the start of con-
tinuous records or with a maximum stage, even though the cor-
responding discharge is not known. Under the heading “Maximum
flood previously known,” maximums during the period of gaging-
station operation are listed first, and available data on floods outside
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this period are given on the line below (station 451, table 19). At
stations where the maximum discharge did not occur simultaneously
with the maximum stage, the maximums are given on sepsrate lines
(station 22, table 19).

The last column shows the average interval of time in which the
peak discharge in December 1964 and January 1965 can be expected
to be exceeded once. Whenever the peak discharge exceec's that of
the 50-year flood (the maximum defined by the frequency curve),
the ratio of the peak discharge to the 50-year flood is shown.
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A202 FLOODS, DEC. 1964 AND JAN. 1965, FAR WESTERN STATES
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PART 1. DESCRIPTION A239

SUMMARY OF MAXIMUM SUSPENDED-SEDIMENT
CONCENTRATIONS AND LOADS

Maximum suspended-sediment concentrations and daily sediment
loads at 109 daily and periodic sediment stations are surimarized
in table 20. The reference numbers in this table correspond to the
numbers used on the location maps and for identification in Water-
Supply Paper 1866-B. The permanent network-station numbers are
shown also for added identification, as in the table summarizing
flood stages and discharges (table 19).

The derivation of the maximum data is explained in the station
description for each site given in part 2 of this report (WSP
1866-B). The figures of sediment load during the indicated flood
periods were derived by summation of daily sediment load~ for the
period of time that the daily loads were more than 5 percent of that
for the maximum day. Except where specifically noted, all load
values are for suspended sediment.

Sediment stations within the area covered by this report have
been operated for a relatively short time. The mformation on
suspended-sediment concentrations and loads for previous floods
(table 20) may not be fully representative of the concitions to
be expected during extreme floods. Data are not available, for
example, to indicate the loads transported by the floods of December
1955.
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TABLE 20.—Summary of maximum suspended

Maximum sediment concentration
Loca- | Permanent Drainage Period
tion station Stream and place area o
No. No. of determination (sq mi}) record Previous 1964-65
Date Ppm Date Ppm
San Joaquin River and
San Joaquin River basin:
164 | 11-3035 San Joaquin River near | 13,540 1956-64 | 1963 1951 Dec. 25 2,490
Vernalis, Calif.
197 | 11-3350 Cosumnes River at 536 1962-64 | 1963 13,070 | Jan. 6 3,400
Michigan Bar, Calif.
200 | 11-3360 Cosumnes River at 724 Dee. 23 21,080
McConnell, Calif.
Sacramento River basin:
238 | 11-3710 Clear Creek at French 115 1964 |l Dec. 22 2,750
Gulch, Calif.
248 | 11-3744 Middle Fork Cotton- 249 1964 ) ) e Dec. 22 110,000
wood Creek near Ono,
Calif.
254 | 11-3760 Cottonwood Creek near 922 1962-64 | 1963 12,840 Dec. 22 9,600
Cottonwood, Calif.
256 | 11-3765.5 | Battle Creek below 358 3722
Coleman Fish
Hatchery, near
Cottonwood, Calif.
258 | 11-3780 Sacramento River near 9,022 1957-64 | 1960 11,510 Dec. 22 4,520
Red Bluff, Calif.
262 | 11-3795 Elder Creek near 92.9 [t e e e Dee. 22 13,800
Paskenta, Calif.
266 | 11-3820 Thomes Creek at 194 1962-64 | 1963 18,530 | Dee. 22 76,000
Paskenta, Calif.
326 | 11-4070 Feather River at 3,624 1956-64 | 1963 14,100 [ De=. 25 7,700
Oroville, Calif.
327 | 11-4071.5 | Feather River near 3,676 1964 Dec. 25 11,340
Gridley, Calif.
358 | 11-4230 Bear River near 138 JURT N U IS Dec. 22 2308
Auburn, Calif.
400 | 11-4475 Sacramento River at 23,530 1956-64 | 1963 11,180 | Dee. 24 2,200
Sacramento, Calif.
416 | 11-4525 Caéh?k(»}reek at Yolo, 1,138 1958-64 | 1959 16,130 Jar. 5 17,000
alif,
420 | 11-4535 Putah Creek near 112 1964 Jar. 5 3,400
Guenoe, Calif.
North-coastal
Russian River basin:
443 | 11-4610 Russian River near 99.7 1964 Dec. 22 13,800
Ukiah, Calif.
446 | 11-4620 East Fork Russian 105 1964 Dee. 25 151,900
River near Ukiah, Calif.
450 | 11-4630 Russian River near 502 1964 Dec. 22 6,900
Cloverdale, Calif.
458 | 11-4652 Dry Creek near 162 1964 1964 11,660 | Der. 22 1515,000
Geyserville, Calif.
Eel River basin:
490 | 11-4725 Eellghv% Blb‘pve Dos 705 1957-64 | 1963 17,090 | Dee. 22 15 8,000
ios, Calif,
492 | 11-4730 Middle Fork Eel River 367 1962-64 | 1963 1 4,500 Dec. 22 159,000
below Black Butte
River, near Covelo,
Calif.
505 | 11-4755 South Fork Eel River 43.9 1962-64 | 1963 11,300 Dee. 22 154,900
near Branscomb,
Calif.
514 | 11-4770 Eel R]l);er at Scotia, 3,113 1957-64 | 1960 17,340 | Dee. 23 15 32,000
Calif,
Mad River basin:
524 | 11-4805 Mad River near Forest 143 Dec. 24 21,450
Glenn, Calif.

See footnotes at end of table.
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-sediment concentrations and loads

Maximum daily sediment load Sediment load for flood period
Previous 1964-65 Previous 1964-65
Date Tons Date Tons Period Tons Period Tons
Sacramento River basins
1958 28,500 { Dec. 25 54,100 Apr. 1-10, 163,800 Dec. 23 to 163,300
1958 Jan. 3
1963 245,000 | Dec. 23 168,000 | Jan. 20 to 277,100 Dec. 20-31 336,900
Feb.5,1963|.... - -
U0 FOTU Dec. 23 382,800 [ o e e e
e e Dec. 22 25,100 | ]ei i | Dee. 21-24 34,800
,,,,,,,,,,,,,,,,, oo o | Dec. 22 297,000 | ... . . .| . .........| Dec. 21-26 567,200
1963 89,200 Dec. 22 597,000 | Jan. 30 to 208,500 Dec. 21-27 1,113,000
Feb.3, 1963
Dec. 22 18,200
1960 271,000 | Dec. 22 876,000 | Feb. 19 to 1,355,000 Dec. 19-27 1,961,000
Mar. 2, 1958

,,,,,,,,,,,,,,,,, oo o .| Dee. 22 3302,000 | ... .| ... e e

1963 271,000 Dec. 22 5,070,000 Ja%. gOZiuiQﬁS 517,700 | Dec. 21-26 9,063,000

eb. 3,

1963 1,500,000 Dee. 25 711,000 an. 30 to 2,836,000 Dec. 20-29 2,776,000
Feb.2,1963

Deec. 23 527,000 | oo e e e e Dec. 20-29 2,376,000

JO FOREOO Dec. 22 +4,370 | ... e e | e e e
1963 229,000 Dec. 24 525,000 | Jan 30 to 1,038,000 | Dec. 22 to 2,393,000
Feb.11,1963 Jan. 3

1963 228,000 | Jan. 6 593,000 | Jan. 30 to 440,500 | Jan. 3-10 1,300,000
Feb.2,1963

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Dec. 22 67,000 | ... .. | Dec. 20-24 120,800

California
........ e oo | Dec. 22 352,000 §..... .. . ewioie o oo | Dec.19-24 630,200
S P, Dec. 25 222,000 |.. oo e o DeJc. 242to s 73,400
an.

.................. rer eemeeenn e Dee, 22 495,000 {..... . .. ... . |.... ......| Dec 19-29 1,412,000
1964 7,040 | Dec. 22 + 830,000 JRUSSUOTIS FES, Dec. 19-24 51,538,000
1960 796,000 | Dec. 22 5 3,500,000 Febéﬁ'{;l(], 1,273,000 Dec. 19-26 7,389,000

1
1963 567,000 [ Dec. 22 2,500,000 Ja%. gOZto 884,000 Dec. 19-28 5 6,435,000
eb. 2,
1963
1964 14,300 | Dec. 22 230,000 JaIPL. gO to 19,800 Dec. 19-27 © 473,600
eb. 2,
1963
1960 5,380,000 [ Dec. 23 5 57,000,000 Febé&)—ll, 10,443,000 | Dec. 19-27 ¢ 140,015,000
1
Dec. 24 333,700
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TABLE 20.—Summary of maximum suspended

. . Maximum sediment concentration
Loca- | Permanent Drainage Period
tion station Stream and place area_ of .
No. No. of determination (sqmi) record Previous 1964-65
Date Ppm Date Ppm
North-coastal
Mad River basin—Con.
528 | 11-4810 M%d ]I.{fiver near Arcata, 485 1957-64 | 1964 15,010 | Dee, 22 35,200
alif.
Klamath River basin:
585 | 11-5258 Weaver Creek near 48.4 ... Dec. 21 29,020
Douglas City, Calif.
598 | 11-5290 South Fork Trinity 898 1956-64 | 1958 14,190 | Dec. 23 220,400
River near Salyer,
Calif.
602 | 11-5300 Trinity River near 2,847 1956-64 | 1959 13,360 | De~. 22 32,500
Hoopa, Calif.
Upper Columbia River
Columbia River main
stem:
643 | 12-5140 Columbia River at 104,000 1962-64 | 1963 1103 Dec. 24 197
Pasco, Wash.
Payette River basin:
737 | 13-2380 Payette River near 1,200 | Deec. 23 23,310
Banks, Idaho
740 | 13-2460 North Fork Payette 933 ... Dec. 23 106
River near Banks,
Idaho.
Deadman Creek basin:
818 | 13-3436.8 | Deadman Creek above 135 1963-64 | 1963 | :5110,000 ;| Dec. 23 ¢ 360,000

Meadow Creek, at

Central Ferry, Wash.
820 | 13-3438 Meadow Creek near 66.2 | 1963-64 | 1963 101,000 | Dec. 22 ¢ 340,000
Central Ferry, Wash.

Tucannon River basin:

824 | 13-3445 Tucannon River near 431 1962-64 | 1963 380,000 Dec. 22 ¢ 220,000
Starbuck, Wash.
Palouse River basin:
829 | 13-3461 Pa%uggﬁiverat Colfax, 497 o Dec. 22 715,300
ash.
830 | 13-3480 South Fork Palouse 132 [ JSSUI OSSO Dec. 23 714,600
River at Pullman,
ash,
832 | 13-3485 Missouri Flat Creek at 270 [ o e s Dec. 23 728,200
Pullman, Wash.
833 | 13-3492 South Fork Palouse 277 Dec. 23 173,000
River at Colfax,
Wash,
836 | 13-3493.1 | Palouse River at 986  |[..... RN Jan. 28 ¢ 8,430
Winona, Wash,
837 | 13-3493.2 | Rebel Flat Creek at L T - Jan 28 s 73,400
Winona, Wash.
839 | 13-3404 Pine Creek at Pine 302 | Jan. 30 * 8,330
City, Wash.
840 | 13-3495 Ro‘}:&r (i‘reek near Ewan, 523 ..} Feb.1 s 80
ash.
841 | 13-3497 Cottonwood Creek near 110 [ . Jan. 30 ¥ 29,700
Ewan, Wash.
842 | 13-3505 Ul‘gﬂtllf Flat Creek near| 189 || .| Jan 29 215,900
olfax, .
843 | 13-3510 Palouse River at 2,500 1961-64 | 1963 80,000 | Dec. 23 28,200
Hooper, Wash.
844 | 13-3525 Cow C{leek at Hooper, 679 | Jan 31 18500
ash.
Snake River main stem:
846 | 13-3530 Snake River below Ice | 108,500 1962-64 | 1963 3,800 | Dec. 24 24,320

Harbor Dam, Wash.

See footnotes at end of table.
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-sediment concentrations and loads—Continued
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Maximum daily sediment load Sediment load for flood period
Previous 1964-65 Previous 1964-65
Date Tons Date Tons Period Tons Period Tons
California==Continued
1960 489,000 | Dec. 22 3,140,000 Fe})égo—ll, 942,700 | Dec. 19-28 9,947,000
........................ Dee. 21 3 40,200
1958 255,000 | Dec. 22 3,020,000 Febé5188-28, 850,500 | Dec. 19-27 8,211,000
1
1958 967,000 { Dec. 23 8,900,000 Feb§5§2—28, 4,591,000 | Dec. 19-28 27,158,000
1
and Snake River basins
1964 080,500 [ Dec. 24 10318,900 | s | e | e | e e
........ Dec. 23 +145,000
........ Dec. 23 31,600
1963 €240,000 { Dec. 22 $320,000 | Feb. 3, 1963 240,000 | Dec. 22-23 ¢ 480,000
1963 108,000 | Dec. 22 290,000 | Feb. 3, 1963 108,000 | Dec. 22 ¢ 290,000
1963 276,000 | Dec. 22 1,600,000 Feb§633-5, 381,000 | Dec. 22-24 2,350,000
1
Dec. 23 T113,000 | oo | o] e | o
Dec. 23 58,700
Dec. 23 734,200
Dec. 23 7 128,000
Jan. 29 £127,000
Jan. 28 8 67,500
........ Jan. 29 37,000
Jan. 28 528,300
........ Jan. 29 3113,000
1963 2,110,000 { Dec. 23 588,000 Felbéé—ﬁ, 1,059,000 | Dec. 22-25 973,900
........ Jan, 31 887
1963 686,000 | Dec.24 |3 152,340,000
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TABLE 20.—Summary of maximum suspended-

Maxi di t tration
Loca- | Permanent Drainage Period
tion station Stream and place area o
No. No. of determination (sq mi) record Previous 1964-65
Date Ppm Drte Ppm
Lower Columbia
Walla Walla River basin:
850 | 14-0120 Walla Walla River at 155 ... .| De. 23 *7,720
Milton, Oreg.
853 | 14-0136 Mill Creek below Blue 91 1962-64 | 1964 514,000 | De-. 23 §16,000
Creek, near Walla
Walla, Wash.
855 | 14-0160 Dr‘yvCﬁ'eek near Walla J:2. 7K 30 ISV NSV FU Des. 22 17 53,000
alla, Wash.
856 | 14-0160.5 Dre{,(‘/zileek at Lowden, 246 | e De-. 22 ¢ 350,000
ash.
857 | 14-0161 Pine Creek near 170 | UV B S N 4 835,000
Touchet, Wash.
860 | 14-0166.4 | East Fork Touchet 108 ... .| De:. 24 25,700
River at Dayton,
Wash.
863 | 14-0168 Patit Creek near i3 28 J OUSORON SO reemveereoerreinne] Det, 2 25,210
Dayton, Wash.
864 | 14-0169 Whiskey Creek near 16,4 | Den. 1 :7,210
Waitsburg, Wash.
865 | 14-0169.5 | Coppei Creek at 34.1 .| Jap.28 219,700
Waitsburg, Wash.
866 | 14-0170 Touchet River at 361 - Jan. 29 & 25,000
Bolles, Wash.
870 | 14-0171.2 | Touchet River at 520 Jan. 29 837,500
Lamar, Wash.
873 | 14-0176 Touchet River at 747 1963-64 | 1963 £140,000 | Jan. 6 84,200

Touchet, Wash.
874 | 14-0185 Walla Walla River near 1,657 1962-64 | 1963 €120,000 | Dee. 22 ¢ 120,000
Touchet, Wash.
Umatilla River basin:

878 | 14-0200 Umatilla River above 125 Jan. 28 24,200
Meacham Creek,
near Gibbon, Oreg.

879 | 14-0203 Meacham Creek near 177 |. .| Jan. 28 22,220
Gibbon, Oreg.

880 | Umatilla River at 394 | e Dec. 24 2 959
Cayuse, Oreg.

889 | 14-0335 Umatilla River near 2,290 1962-64 | 1963 13,800 | Jan. 6 24,500
Umatilla, Oreg.

Alder Creek basin:
896 | 14-0343.5 | Alder Creek at 197 1962-64 | 1963 530,200 | Dec. 22 530,000

Alderdale, Wash.
Willow Creek basin:
898 | 14-0345 Willow Creek at 87 1963-64 | 1963 87,600 | Dec. 22 125,000
Heppoer, Oreg.
900 | 14-0360 Willow Creek near 850 1962-64 | 1964 108,000 Dec. 22 153,000

Arlington, Oreg.
China Creek basin:
901 |.......cccccooceeeer.| China Creek near 48.6 - Dec. 23 24,470

Arlington, Oreg.
Rock Creek basin:
903 | 14-0366 Rock Creek near 213 1962-64 | 1963 532,000 Dec. 22 s 30,000

Roosevelt, Wash.
John Day River basin:
906 | 14-0385 John Day River at 231 | Jan 31 2617
Prairie City, Oreg.
910 | 14-0400 South Fork John Day 600 | e | JBD 30 23,780
River at Dayville,

Oreg.
911 | 14-0405 John Day River at 1,680 s Feb. 1 23,220
Picture Gorge, near
Dayville, Oreg.
915 | 14-0425 Camas Creek near 121 Jan 31 ° 164

lah, Ureg.
919 | 14-0440 Middle Fork John Day 515 Jan 31 9531
River at Ritter, Oreg.
920 | 14-0460 North Fork John Day 2,520 ..} Jan 31 21,660
River at Monument,
Oreg.

See footnotes at end of table.
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Maximum daily sediment load

Sediment load for flood period

Previous 1964-65 Previous 1964-65
Date Tons Date Tons Period Tons Period Tons
River basin
........................ Dec. 23 3 49,600
1964 13,200 | Dec. 23 59,300 Nolwé.ei4—25 16,740 Dec. 22-24 89,200
........................ Dec. 22 7100,000 | ...
................ Dec. 22 51,600,000
........................ Jan. 30 $110,000 [ ...
........................ Jan. 30 331,900
,,,,,,,,,,,,,,,,,,,,,,, Dec. 24 32,840
,,,,,,,,,,,,,,,,,,,,,,, Deec. 1 24280 { ..
............... Jan. 28 323,800
........................ Jan. 29 8 257,000
....................... Jan. 29 8367,000 | ...
1963 513,000 | Dec. 23 1,200,000 Fe}aéé’,—fx. €745,600 | Dec. 22-25 2,290,000
1963 818,000 | Dec. 23 3,230,000 Fe}BﬁS—S, 1,190,000 Dec. 22-25 6,000, 0000
...................... Jan. 28 332,300
........................ Jan. 28 318,700 | e S
....................... Dec. 24 311,000 | o
1963 87,300 | Jan.30 438,000 | Feb. 3-7, 203,000 | Jan. 28 to 1,130,000
196 Feb. 3
1963 545,000 | Dec. 22 $180,000 | Feb. 3, 1963 245,000 | Dec, 22-23 5 255,000
1963 4,370 | Dec. 22 28,400 Fe})é623-6, 7,700 | Dec. 22-25 39,600
1963 91,400 | Dec. 22 5 980,000 Fe})éé;ﬁ, 166,000 Dec. 22-24 1,120,000
1963 544,000 | Dec. 22 5 200,000 Fe}nég-‘l, 5 46,400 Dec. 22-24 5 278,000
........................ Jan. 31 31,780 | o
........................ Jan. 30 239,800
........................ Feb. 1 337,500 | oo
........................ Jan. 31 391,400 | ...
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TABLE 20.—Summary of maximum suspended

i . Maximum sediment concentration
Loca- | Permanent Drainage Period
tion station Stream and place area of
No. No. of determination (sq mi) record Previous 1964-65
Date Ppm Date Ppm
Lovrer Columbia River
John Day River basin
—Continue
926 | 14-0480 John Day River at 7,580 1962-64 | 1963 619,500 | Dee. 22 100,000
McDonald Ferry,
Oreg. .
Spanish Hollow basin:
932 | o Spanish Hollow at 52,4 | o s Dee. 23 2 64,800
Biggs, Oreg.
Columbia River main
stem:
933 |............ .| Columbia River at 226,000 Dee. 23 27,050
Biggs, Oreg.
Deschutes River basin:
973 | 14-1030 Deschutes River at 10,500 | Dee. 23 29,780
Moody, near Biggs,
Oreg.
Columbia River main
stem:
1008 | 14-1447 Columbia River at 241,000 1962-64 | 1963 600 | Dec. 25 3,970
Vancouver, Wash.
Willamette
Willamette River basin:
1019 | 14-1475 North Fork of Middle 246 Dee. 28 9158
Fork Willamette
River near Oakridge,
reg.
1035 | 14-1575 Coast Fork Willamette 642 oo Dee. 28 9223
River near Goshen,
Oreg. .
1054 | 14-1655 McKenzie River near 1,337 | e Dec. 28 0217
Coburg, Oreg.
1068 | 14-1735 Calapooia River at 372 | e Dac. 27 9136
Albany, Oreg.
1069 | 14-1740 Willamette River at 4,840 | Dec. 27 0249
Albany, Oreg.
1079 | 14-1830 North Santiam River at 665 Jan, 29 ° 393
Mehama, Oreg.
1081 | 14-1850 South Santiam River 174 Dee. 27 2437
below Cascadia,
Oreg.
1084 | 14-1865 Middle Santiam River 287 Dee. 27 8579
at mouth, near
Foster, Oreg.
1086 | 14-1875 South Santiam River at 640 Jan. 29 22,000
Waterloo, Oreg.
1089 | 14-1890 Santiam River at 1,790 Dee. 26 21,040
Jefferson, Oreg.
1097 | 14-1910 Willamette River at 7,280 | e e Dec. 24 2892
Salem, Oreg.
1104 | 14-1940 South Yambhill River 502 Jan. 29 9204
near Whiteson, Oreg.
1109 | 14-1980 Willamette River at 8,400 | e [ Dec. 24 21,080
Wilsonville, Oreg.
1112 | 14-2000 Molalla River near 323 Dic. 24 21,930
Canby, Oreg.
1114 | 14-2010 Pudding River near 204 o Dec. 26 9117
Mount Angel, Oreg.
1115 | 14-2020 Pudding River at 479 | e e | Dec. 24 2263
Aurora, Oreg.
1121 | 14-2075 Tualatin River at West T10 e e e Dee. 26 2265
Linn, Oreg.
1133 | 14-2110 Clackamas River near 936 .. Dee. 24 21,820
Clackamas, Oreg.
1134 | 14-2115 Johnson Creek at 28.2 |... Dec. 26 0272
Sycamore, Oreg.
1135 | 14-2117 Willamette River at 11,200 1963-64 | 1963 209 | Dee. 23 72,050
Portland, Oreg.

See footnotes at end of table.
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Maximum daily sediment load

Sediment load for flood period

Previous 1964-65 Previous 1964-65
Date Tons Date Tons Period Tons Period Tons
basin—Continued

1963 310,000 Dee. 22 3,800,000 Felbéﬁ%i—7’ ¢ 616,000 Dec. 21-26 9,030,000
. Dec. 23 364,000

....................... Dec. 23 3 4,800,000 -
............... Dec. 23 31,820,000

1964 10 360,000 Dec. 25 103,510,000 | o | | e i | e e

River basin

1964

Jan. 29 223,000
Jan. 29 3 955,000
Dec. 24 3730,000
Dec. 24 3951,000
Dec. 24 389,100
Dec. 24 312,400
Dec. 26 312,600
Dec. 24 2270, 000

276,900

Dec. 23 | 7 10 1,640,000

404-080 O - 71 - 17



A248 FLOODS, DEC. 1964 AND JAN. 1965, FAR WESTERN STATES

TABLE 20.—Summary of maximum suspended

Maxi diment oegs
Loca- | Permanent Drainage Period
tion station Stream and place area, of i
No. No. of determination (sq mi) record Previous 1964-65
Date Ppm Date Ppm
Coastal
|Salmon River basin:
1148 |.. .| Slick Rock Creek near 8.33 Jan. 27 2138
Rose Lodge, Oreg.
Drift Creek basin:
1149 |.. . Dr(i)ft Creek near Taft, 38.0 Jan. 27 22,430
reg.
Siletz Creek basin:
1150 | 14-3055 Sil(e)tz River at Siletz, 202 Jan. 28 21,260
reg.
Big Creek basin:
1152 |. .| Big Creek near Jen. 28 2752
Newport, Oreg.
’ Alsea River basin:
1156 | 14-3067 Needle Branch near 27| 1958-64 | 1964 1,020 | Jen. 28 497
Salado, Oreg.
1157 | 14-3068 Flynn Cret(a)k near .78 1958-64 | 1962 775 | Jan. 28 1,900
o, Oreg.
1158 | 14-3068.1 | Deer Creek near 1.17| 1958-64 | 1962 795 | Jen. 27 1,740
Salado, Oreg.
Yachats River basi
1161 |. Yachats River near 39.0 Jan. 28 21,450
Yachats, Oreg.
1 Daily.

2 Periodic observation before or after peak; see station description.

3 Observed instantaneous load, in tons per day.

+ Estimated.

s From estimated concentration graph.

¢ From partly estimated concentration graph.

7 December maximum only.

® January maximum only. i X A

9 Periodic observation at time too remote from peak to be representative of maximum concentration; see station descrip-
tion.

10 Total sediment load; adjusted to include load increment not normally determined by sampling.
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Maximum daily sediment load

Sediment load for flood period

Previous 1964-65 Previous 1£64-65
Date Tons Date Tons Period Tons Period Tons
Oregon
Jan. 27 :206
Jan. 27 129,700
Jan. 28 102,000
Jan. 28 3412
1960 15 | Jan. 28 33 N(ig.ﬁo 23-25, 20 | Jan.27-29 65
1960 58 | Jan.28 491 Nog. 23-26, 87 | Jan, 27-29 687
1960
1960 87 | Jan.28 583 | Nov. 23-25, 122 | Jan. 27-29 890
1960
Jan. 28 321,200
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STATION DATA

The station data on stage and discharge obtained at 1,254 stations
and sites in the area affected by the floods of Decemb~r 1964 and
January 1965, including sediment data at 109 stations, are as-
sembled in Water-Supply Paper 1866-B. The data consist of records
of stage and discharge for gaging stations, sediment concentration
and load for sediment stations, maximum-stage and discharge infor-
mation for numerous partial-record stations and miscellaneous sites,
and sediment concentration and load for some misc~llaneous or
periodic sites. All sites are in the area of intensive flooding. The
records are presented in more detail than those in the arnual reports
so that they will be more useful for the many hydraulic and hydro-
logic studies relative to flood phenomena.

The station data are presented in the same order as the listing
of the stations in table 19, summarizing the maximum stages and
discharges, and the reference numbers correspond to those on the
location maps.

The basic data collected at stream-gaging stations consist of rec-
ords of stage, measurements of discharge, and general information
useful in determining the flow. The records of stage are obtained
from the continuous trace of a water-stage recorder or from a digital-
recorder tape punched at 15- or 30-minute intervals, from periodic
direct readings on a nonrecording gage, or from a remote telephonic
interrogation gage (telemark). Discharge measurements are gen-
erally made by use of a current meter; however, indirect methods
are occasionally used.

The basic data collected at daily sediment statiors consist of
samples obtained one or more times daily to determine tl e suspended-
sediment concentration of the stream. The concentrations at time
of sampling are used to define the concentration graph. Suspended-
sediment loads are computed by using data obtained from the con-
centration graph and the streamflow record.

In general, the information presented for each geging station
includes a description of the station; a tabulation of daily mean
discharge for December 1964 and January 1965, or Dacember 1964
through February 1965, as appropriate; and a tabulation of stages
and discharges at selected times during each day of the flood rise
and recession for the two or three highest flood peaks during the
flood period. If available, additional information on daily
suspended-sediment concentration and load and on concentration
and load at selected intervals during each day of the flood rise
and recession is included for the same flood peaks. The station
description is presented for partial-record gaging stat*ons, periodic
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sediment stations, and miscellaneous discharge- and sediment-
measurement sites. Available sediment particle-size analyses are also
shown.

The station description gives information relative to the location
of the gage, size of the dramage area upstream from the gage,
nature of the gage-height record obtained during the period covered
by this report, datum of gage, definition of the stage-discharge rela-
tion, maximum stage and discharge during the December 1964 and
January 1965 floods, previous maximum during the period of
record, available maximum data for floods outside the period of
record, the effect of regulation and diversion, and other pertinent
general information. If sediment data are available, information is
given for the suspended-sediment sampling frequency, the definition
of the suspended-concentration graph, and the maximum daily sedi-
ment concentrations and loads for the December 1964 and January
1965 floods and for prior floods within the period of record.

In the tables of daily mean dischargss and daily mean suspended-
sediment concentrations and loads, the period shown for each site
generally is adequate to show antecedent conditions, floodf'ows, and
enough of the recession from the flood peaks for adequate study of
the flood hydrology. Data on the monthly mean discharge, in cubic
feet per second; the volume of monthly runoff, in acre-feet and
inches; the monthly mean sediment load, in tons per day; and the
monthly sediment load, in tons, if available, are included. The
discharge-weighted mean concentrations for the month are given
also for many daily sediment stations. The monthly runoff, in
inches, is not given for stations where regulation or diversion affects
the runoff significantly or where the size of the drainage area has
not been determined.

Data on stage and discharge at selected times, if such detailed
information is warranted, are given in tables that follow the daily
mean discharge tables. Suspended-sediment concentration and load
are detailed in a similar manner and are included in these tables.
Enough detail is presented so that hydrographs and graphs of
suspended-sediment concentration and load may be constructed ac-
curately. The flood peaks did not occur on the same days throughout
the entire area; thus, the periods of detailed record do not coincide
for all streams. Particle-size analyses of suspended sediment, avail-
able for some sites, are given in a separate table.
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Ashland, Oreg ____________________ 137
Asotin Creek, below Kearney Gulch,
near Asotin, Wash ____ 89
Asotin Creek valley _ 89
Athena, Oreg ______ 101
Atlanta, Idaho . ____________ 84
B
Bay, Coos _____________________ 135, 136
Humboldt ____________________ 67
Suisun _______________________ 56
Bear Basin Butte _________________ 143
Bear River, near Wheatland, Calif __ 50
Beaver Creek, near Paulina, Oreg ___ 107
Bidwell Creek, below Mill Creek,
near Fort Bidwell _____ 35
Big Canyon Creek basin ____________ 89
Big Wood River, near Gooding, Idaho_ 82
Big Wood River basin ___________ 82, 173
Big Valley —______________________ 45
Bishop Tract o ________________ 56
Black Butte Reservoir, near Orland,
Calif 47
Blue Lake, Calif __________________ 69

Page
Blue Mountains —_________________ 23, 88
Boise River, near Boise, Idaho.______ 84
near Twin Springs, Idaho_______ S4
South Fork near Featherville,
Idaho —_______________ 84
Boise River basin ____ 75, 79, 81, 82, 84, 86
Brookings, Oreg __ . ________________ 138
Browns Landing __________________ 119
Bruneau River basin _______________ 82
Buena Vista, Oreg - 121
Bull Run River basin ______________ 109
Bully Creek, at Warmsprings, near
Vale, Oreg ___________ 85
Bungalo Ranger Station ___________ 89
Burley—Twin Falls—Shoshone area____ 81
Burns, Oreg ______________________ 35
Butte City, Calif 47
C
Cache Creek, at Yolo, Calif __._____ 55
North Fork, near Lower Lake ___ 54
Cache Creek basin _________________ 55
Calaveras Big Trees State Parl ____ 42
Calaveras River, at Jenny Lind, Calif_ 42
North Fork, near San Andreas,
Calif _____ L ___ 42
South Fork, near San Andreas,
Calif ___ 42
California, minor basins ___________ 34
California, north-coastal —_______ 5, 29, 56
California, north-coastal, storms ____ 18
small coastal basins between
Russian and Eel Rivers_ 63
Callahan, Calif ___________________ 71
Camas, Wash _____________________ 110
Camas Creek, near Lehman, Oreg ___ 103
Camp Klamath, Calif ____________ 72, 150
Canyon City, Oreg . ______ 103
Carson River, East Fork, near
Gardnerville, Nev _____ 32
near Carson City, Nev _________ 32
Carson River basin ____________ 16, 29, 31

Carson Valley
Carver, Oreg ____
Cascade Range

December storms
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Cayuse, Oreg _____________________ 101
Central Point, Oreg ... ____________ 137
Chester, Calif ____________________ 37, 48
Chewaucan River, near Paisley, Oreg _ 35
Clackamas, Oreg __________________ 125
Clackamas River, at Big Bottom,
oreg . _________ 124
at Lstacada, Oreg _____________ 124
near Clackamas, Oreg __________ 125
Clair Engle Lake, near Lewiston,
Calif _______________ 71, 172
Clearwater River, at Spalding, Idaho _ 89
North Fork, near Ahsahka, Idaho 89
Clearwater River basin ________ 75, 87, 89
Clover Creek, near King Hill, Idaho _ 82
Coast Range ___________ 10, 116, 118, 135
Coeur d’Alene River, at Enaville, Idaho 80
near Cataldo, 1daho ___________ 80
Coeur d'Alene River basin _ - 79
Coloma, Calif __________ - 37
Columbia River, at Pasco, Wash ____ 79
at The Dalles, Oreg _________ 94, 111
at Vancouver, Wash 79, 94,
97, 111, 142
Columbia River basin, lower _____ 5, 20, 93
lower, downstream from
Deschutes River ______ 110
storms
upper oo _______
storms
Columbia River Gorge ____________ 21, 23
Coos River basin __________________ 135
Coquille River, at Coquille, Oreg _ 135
Coquille River basin _______________ 135
Corte Madera, Calif .. ___________ 61
Corvallis Water Bureau station _____ 25
Cosumnes River, at Michigan Bar,
Calif _______________ 39, 43
Cottage Grove, Oreg ——_____________ 118
Cottonwood Creek, Middle Fork,
near Ono, Calif ________ 47
near Boise, Idaho ____ - 145
Cottonwood Creek area _____________ 84
Cow Creek, near Azalea, Oreg ___ 133, 134
near Riddle, Oreg 134
Crane Guleh _____________ 84
Creeks:
Adobe o __ 54
Alder __ - 107
Asotin  __ - 89
Bannoek __________________.___ 81
Bear . _______ 138, 178
Big Canyon __________________ 89
Big Chico ____________________ 46
Bully 85
46
Cache __ . __________ 54, 55, 170
Campbell _____________________ 74
Clear
Clover
Conn
Coon

Corte Madera
Cottonwood

INDEX

Page
Creeks—-Continued

Cow 133

Cyelone _________ . __________ 139

Deadman . _______________ 40

Deception ____________________ 117

Deer oo 43, 134

Dry - —--- D2, 53, 84

Duek 42

Elder ____________________ 46

Emigrant ____________________ 178

Girkling ______________________ 106

Grass Valley __________________ 104

Hangman ____________________ 80

Harrington ___________________ 143

Honeut ______________________ 49

Hungry Hollow _______________ 55

Hutchinson ___________________ 50

Indian ______________________ 48, 71

54

King Hill ___________ . ____ 82

Laguna .. .. 44

Lapwail —___________________. 87, 89

Little ¥ish ___________________ 82

Littlejohn _____________ _______ 42

Lower Dry _____ . __________ 99

MeKay oo 101, 175

Mariposa - ____ 40

Middle - ________ 54

Mill ___

Muddy

Pine _______ __ __________

Putah

Quartzville ___________________ 120

Reeds _ o ___________

Reynolds

Rickreall

Roek .

St. Helena 55

Salmon o —______

Salt o _____

Seotts ____ _______________

Shitike ______________________

Silver ________________________

Sonoma _____________________

Spanish _

Thomes _____________________

Tryon

Wildeat - ____________

Wiley ____ .
Crescent City, Calif - _______________ 75
Crooked River, above Prineville

Reservoir, near Post,
Oreg _________________ 107

near Prineville, Oreg ____ 174
Crooked River basin _—______________ 175
Culdesae, Idaho ___________________ 89

D
Dams:

Black Canyon _________________ 85

Camanche ____________________ 42

Camp Far West 50

Cascade . _____________ 82

Cazadero ___ . _______________ 125
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Dams—Continued Eel River—Continued
Cottage Grove 117 below Black Butte River,
Daguerre Point 50 near Covelo, Cal’'f _____ 68
Deadwood ____ 20 South Fork, near Miranda, Calif_ 64
Detroit _____________________ 120 | Eel River basin _____ 19, 6, 57, 58, 64,
Dorena _______________________ 139, 172
Folsom ___ Eightmile Canyon _._____._______._.___ 102
Green Peter Elberton, Wash
Hell Hole ________ Elk City, Oreg . _____
Howard Hanson _______________ 158 | Emmett, Idaho _
Ice Harbor . _______________ 92 |Erosion _______________________
Iron Gate . _________ 71 | Estacada, Oreg
John Day _ 107 | Etna, Calif _______________________
La Grange ___ 41
Marble Bluff __ 34 F
Merwin power - 175
Monticello - 55 | Fallon, Nev _ 168
Monumental __ _ 146 | Feather River, at Nicolaus, Calif ____ 50
Mud Mountain _________ _ 158 at Oroville, Calif _ ____________ 48, 49
New Exchequer Dam __________ 41 Middle Fork, near Merrimac,
Oroville ________ 48, 50, 146, 150, 171 Calif _________________ 48
Pardee ______ _________________ 43 near Gridley, Calif . ___________ 49
Priest Rapids _________________ 174 North Fork, at Pulga, Celif ____ 48
Swift power __ 175 West Branch, near Paradise,
Timothy Lake _________________ 125 Calif - ___ 48
Trail Bridge __________________ 119 | Feather River basin _______________ 37
Washington Diversion _ 49 | Fisheries, sedimentation damege 145
Yale power ___________________ 175 | Flood control, Bear River bas’n _____ 50
Damsite, Green Peter ______________ 156 Calaveras River basin 37
Hells Canyon ____ 90 Columbia River basin __ 111
Dayton, Wash _______ ______________ 98 Coquille River basin 136
Dayville, Oreg ____________________ 103 Mokelumne River basin ________ 37
Deadman Creek, above Meadow Creek, Portland area 126
at Central Ferry, Sacramento River basin ________ 4, 37
Wash ___________ 77, 79, 91 San Joaquin River basin _______ 4
Deadwood River basin —____________ 85 Snake River basin 111
Deep Creek, above Adel, Oreg _______ 35 Tuolumne River basin _________ 41
Deer Creek, near Salado, Umatilla River basin __________ 174
Oreg __ . ____ 130, 131, 132 Walla Walla River basin _______ 174
Delake, Oreg _____________________ 133 Willamette River
Deschutes River, at Moody, near basin ______
Biggs, Oreg —_____.__ 107, 175 | Flood-crest stageS —__ o ___

below Bend, Oreg
Deschutes River basin

Douglas Memorial Bridge
Dosvnieville, Calif
Drews Creek, near Lakeview, Oreg _.__
Dry Creek, at Lowden, Wash __ 94, 99, 142

Dry Creek basin __________________ 99
Dunsmuir, Calif ___________________ 45
E
Eddyville, Oreg . ____________ 133
Eel River, above Dos Rios, Calif ____ 64
at Alderpoint, Calif ___________ 64
at Scotia, Calif _______ 60, 64, 68, 141
below Dos Rios, Calif __________ 64

below Scott Dam, near Potter

Valley, Calif __________ 172
Middle Fork, above Black Butte

River, near Covelo, Calif 64

Flood damage
Abert Lake basin ___
Albany area
American River basin
Bear River basin
Biggs Junction
Big Wood River basin
Boise River basin
Cache Creek basin

California, north-central
57, 58 59, 146, 150
Cedar River basin ____________ 158
Chehalis River basin __________ 158
Chetco River basin ____________ 138
Clackamas River basin __ 124, 125, 156
Clearwater River basin ______ 90, 153
Columbia River basin,
lower _________ 96, 111, 158
Coos River basin __________ 135, 136
Coquille River basin ____ 135, 136, 158
Cosumnes River basin __________ 43
Deschutes River basin ______._.__ 108
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Eel River basin

60, 63, 64,

65, 66, 67, 150
Feather River basin __ 48, 49, 50, 150
Goose Lake basin _____________ 44
Grande Ronde River basin_ 88, 89, 153

Great Basin __________________ 147
Green River basin _____________ 158
Honey Lake valley ____________ 34
Hood River basin _____________ 109

John Day River

basin
Kalama, Wash 111
Klamath River basin __ 60, 72, 73, 150
Little Klickitat River —_________ 108
Lower Monumental Dam project 92, 153

Mad River basin ~___________ 69, 150
Malheur River basin __.________ 85
Mattole River basin ___________ 64
Merced River basin ____________ 40

Middle Santiam River basin - 156
Molalla River basin ~___________ 123
Morrison Creek basin __________ 44
Mount Hood area —____________ 110
North Santiam River basin _____ 156
Oregon, coastal _________ 131, 146, 156
Oregon City, Oreg —_________ 124, 156
Owyhee River basin ___________ 83
Palouse River basin ___________ 92
Payette River basin ___________ 85, 86
Portland, Oreg —________ 125, 126, 156
Powder River basin ___________ 87
Pudding River basin ___________ 123
Putah Creek basin ____________ 55
Redwood Creek basin __________ 70
Reedsport, Oreg —______________ 158
Rogue River basin __________ 137, 158
Roseburg area ________________ 134
Rufus, Oreg _ . ___________ 106, 107
Russian River basin ______ 62, 63, 150
Sacraniento River basin ___ 37, 38, 1,7
downstream from Feather
River 51
upstream from Feather
River . __ 45, 47

San Joaquin River basin __ 38, 40, 147
110, 153

Sandy River basin
Santiam River basin
Sauvies Island
Scott River basin _
Silvies River basin __
Smith River basin
Snake River basin ___ 81, 87, 150, 153

Snohomish River basin _________ 158
South Santiam River basin 156
Spokane River basin _______ 80
Sprague River basin ___________ 73
Stanislaus River basin ________ 41, 42
Truckee River basin ____ 34
Tucannon River basin __ 91
Umatilla River basin ___ _- 101
Umpqua River basin ________ 135, 158
Vancouver, Lower River Drive ___ 112
Walla Walla River basin _____ 99, 100
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Flood damage—Continued
Warm Springs, Oreg
Washington
Weiser River basin
White River basin
Willamette River

basin 4, 116, 146
downstream from Salem,
Oreg
McKenzie River to Salem,
Oreg
upstream from McKenzie
River
Willow Creek baxin
Yakima River basin
Yuba City
Yuba River basin

Flood discharges, determination

Flood frequency

Flood reports. previous

, 156

Flood stagesx and discharges, summary 180
Floods, general description __.______ 27
Florence, Oreg ___ _ . _____ 133
Flynn Creek, near Salado, Oreg _ -~ 132
Fort Jones, Calif __________ — 71
Foster, Oreg . _____ 121
Fulton Canyon tributary, near Wasco,
Oreg 106
G
Garcia River basin ________________ 63
Gaxquet, Calif __________________ 59, 150
Gold Creek bridge _________________ 123
Goose Lake basin __________________ b4
Grande Ronde River. at La Grande,
Oreg . ______ 87, 88
at Troy, Oreg . __________ 88
Grande Ronde River basin __.____ 75, 76, 87
Grande Ronde River valley _________ 89
Grants Pass water-treatment plant,
turbidity —.________ 136, 137

Great Basin

storms
Green River basin _
Greenview, Calif
Greenwater River, at Greenwater,

Wash 138

Guerneville, Calif _____________ 58, 62, 150
H

Happy Camp, Calif _____ . ___ 71

Harney Lake basin
Healdsburg, Calif
Holmes, Calif
Honcut, Calif
Honcut Creek basin
Honey Creek, near Plush, Oreg __.___
Hood River, at Tucker Bridge, near
Hood River, Oreg
near Hood River, Oreg
Hood River basin
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Hoopa, Calif
Hopland, Calif
Hyampom, Calif
Hydrologic regions

Hydrologic terms, definitions ____.___ 56,7
I
Idaho, Snake River and tributaries
between Weiser and
Lewiston . _______.__ 87

Idanha, Oreg
Indian Valley
Introduction

Istand City, Idaho
Isohyetal maps

J
Jack Stough ______________________ 48
Jacksonville, Oreg _________________ 137
Jefferson, Oreg ____________________ 122
John Day, Oreg __ ... ________ 103

John Day River, at McDonald Ferry,

Oreg ______ 96, 97, 103, 104,
105, 106, 141
at Picture Gorge, near Dayville
Oreg . _________ 103
at Prairie City, Oreg —_______ 103, 105

North Fork, at Monument,
Oreg 103, 105
South Fork, at Dayville, Oreg ___
John Day River basin ___
John Day River bridge
John Day River valley

Johnson Creek, at Sycamore, Oreg —__ 126
Jordan Creek, above Lone Tree Creek,
near Jordan Valley, Oreg 83
Jordan Creek valley, Oreg .. _______ 84
K
Keno, Oreg — ___________________ 59, 150
Klamath, Calif _______________ 57, 72, 150
Klamath Falls ____________________ 70
Klamath Glen, Calif _________ 57, 72, 150
Klamath Mountains . _________ 10
Klamath River, at Keno, Oreg ______ 70
at Somesbar, Calif ____________ 71
below Iron Gate Dam, Calif ____ 70
near Klamath, Calif _______ 70, 71, 72
Klamath River basin _____ 56, 57, 59, 70,
139, 172
Klickitat River, near Pitt, Wash ____ 108
Klickitat River basin ______________ 108
L
La Grande, Oreg __________________ 89
Lakes :
Almanor _._.___________________ 170
Ben MoOrrow _.___.____.________ 110
Berryessa ______________ 55, 170, 171

Billy Chinook 107, 108, 174, 175
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Clair Engle . ______________ 71, 172

Clear 171
Coeur d‘Alene 174
Crater _____ . _____ 136, 178
Crescent 175
Donner Lake _________________ 32
Dwinnell ________ o __ 172
Barl 74
Folsom _ - 87, 52, 53, 170, 171
Hennessey —________________ 60, 171
Jackson ___.__ RS 81
Klamath _ _ 70, 172
MceClure . __ 41, 169
Mendocino _________ 61, 62, 164, 171
Millerton __________________ 40, 169
OSWego
Pillsbury ... ___ o ______
Pyramid ___ __________________
Shasta ______
Spaulding . _______ .
Tahoe __ _____ _____ . ___
Whiskeytown

Landslides _______________

Lewiston, Idaho

Little Wood River, near Carey, Idaho_ 82

Long Tom River basin _____________ 119

Luckiamute River, near Suver, Oreg - 121

Luckiamute River basin ____.________ 121

M
McCloud River basin . _____ 44, 45
McKenzie River, at McKenzie Bridge.
Oreg . _________ 119

near Coburg. Oreg —_ o __._ 119
South Fork, near Rainbow, Oreg. 119

McKenzie River basin . __________ 119

Mad River, near Arcata,

Calif ________ 59, 60, 69, 172

near Forest Glen, Calif —__ 68, 69, 172
Mad River basin __._________ 68, 139, 172
Malheur Lake basin . ____________ 29
Malheur National Forest ___________ 35

Malheur River, near Drewsey, Oreg __
North Fork, above Agency Valley
Reservoir, near Beulah,

Oreg ______ ___________
Malheur River basin .
Mapleton, Oreg —__________________
Marin County, small basins ________ 61
Martins Ferry, Calif ______________ 73
Marys River, near Philomath,

Oreg — - 119, 122
Mattole River, near Petrolia, Calif __ 63

Mattole River basin 10, 12, 18, 63, 64
Meadow Creek, near Central Ferry,

Wash _______________ 91
Medford, Oreg . ____________ 137, 138
Melones Reservoir, at Melones Dam,
Calif ______ . 41
Merced River, at Bagby, Calit ______ 41
at Happy Isles Bridge, near
Yosemite, Calif ________ 40
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at Merced Falls, Calif _________ 41
near Stevinson, Calif __________ 169
Meteorologic events ________ 9, 10, 28, 139
Metropolitan, Calif _ _____________ 57, 150
Meyers Inspection Station, Calif _____ 16
Middle Fork American River Project — 52
Middle Fork Smith River canyon ... 74

Mill Creek, below Blue Creek, near

Walla Walla, Wash __ 99, 100
near Toledo, Oreg . ________ 132
near Walla Walla, Wash _______ 99
Mill Creek basin _ . ________ 110
Millicoma River, West Fork, near
Allegany, Oreg —_______ 135
Milton-Freewater, Oreg —_________ 99, 100
Minden-Gardnerville area _—_______.__ 31
Mokelumne River, near Mokelumne
Hill, Calif ____________ 42
Mokelumne River basin, reservoir
storage - ______ 43
Molalla River, near Canby, Oreg ____ 123
Mosier Creek, near Mosier, Oreg ____ 110

Morrison Creek, near Sacramento,
Calif

Morrison Street bridge
Mount Vernon, Oreg __
Mullan, Idaho
Myers Flat, Calif
Myrtle Point

Napa, Calif _ . _________________ 171
Napa River, near Napa, Calif _______. 60
near St. Helena, Calif _____ —— 60
Napa River basin _______ - 60
Navarro River basin .. ________ 63
Needle Branch, near Salado, Oreg -__ 132
Nehalem River, near Foss, Oreg _____. 132
Nelseott, Oreg . _________ 133
Nestucca River, near Beaver, Oreg ___ 132
Nestucca River basin ______________ 132
Niles Springs . ________________ 81
North Honcut Creek, near Bangor,
Calif ________________ 49
North Santiam River, below Boulder
Creek, near Detroit, Oreg 120
North Umpqua River, at Winchester,
oreg — o 134
below Lemolo Lake, near
Toketee Falls, Oreg ____ 134
North Yamhill River, at Pike, Oreg __ 123
North Yuba River basin —___________ 12
Notus, Idaho __ . ___________ 84
Novato Creek, near Novato, Calif ___ 61
Noyo River, near Fort Bragg, Calif __ 63
(o]
Oakdale, Calif ____________________ 41
Oak Grove Fork __ 125
Ontario, Oreg . ___ 85
Oregon City, Oreg . __________ 123

INDEX

Page
Oregon, coastal _______________ 5, 29, 127
coastal, storms _______________ 25
Oregon, minor basins ______________ 34
north-coastal streams __________ 131
other areas of flooding —________ 106
other coastal basins ____________ 138
Orick, Calif _________________ 58, 69, 150
Orleans, Calif 59, 71, 73, 150
Oroville, Calif ____________________ 150
Owyhee River, near Rome, Oreg _____ 83
Owyhee River basin ________ 75, 81, 82, 83
P
Paixley, Oreg _____________________ 35
Palouse River, at Colfax, Wash _____ 92
at Hooper, Wash ______ 78, 79, 92, 93
Palouse River basin ______________ 75, 76
Paul Mudgett Memorial bridge —_____ 66
Payette River, near Banks, Idtho ____ 85
near Emmett, Idaho ___________ 85
North Fork, near Banks, Idaho - 85
Payette River basin ______ 75, 79, 81, 82
85, 86, 173
Pepperwood, Calif ___________ 57, 65, 150
Phillipsville, Calif ________________ 65
Phoenix, Oreg ____ -- 137
Pinehurst, Idaho __ - 80
Pit River basin _______ __. 44, 45, 46
Portland, Oreg _ . __________ 21, 113, 126
Portneuf River, Pocatello, Idaho ____ 81
Portneuf River basin __________ 75
Potlatch River basin ___________ 89
Powder River, near Baker, O-eg 87
Powder River basin __.________ 87
Prairie City, Oreg ——_______________ 103
Precipitation, American River

basin ____________ 17, 18, 51

Astoria (Oreg.) Experiment
Station _ 23
Baker, Oreg _____ 87
Belknap Springs —______________ 118
Blue Canyon Airport —__________ 18
Boise, Idaho 82
Branscomb, Calif ______________ 64
Burke, Idaho . ____________ 80
Cache Creek basin ____________ 12, 54
California, north-coastal 10, 18, 19, 56
north-coastal, December ___ 18, 19, 56
January _________ 19
November 18
Cascade, Idaho ________________ 82
Cascade Range __ 18, 21, 23, 24, 25, 27

Cazadero, Calif
Cedar Lake, Wash
Clatskanie, Oreg ___._
Coast Range
Coeur d’Alene, Idaho

Columbia River basin, lower_ 21, 22, 23
Columbia River basin, upper ___ 19, 79
Corvallis, Oreg . ________ 118
Covelo, Calif _____________ 19
Cummings, Calif 64
Echo, Oreg . _________ 21
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Eel River basin ________
Elk River, Idaho
Elk Valley oo
Ettersburg, Calif.
Falls City No. 2, Oreg
Feather River basin
Tort Bragg, Calif
Government Camp, Oreg
Granite, Oreg
Grants Pass, Oreg —___________
Green River basin __
Greenwater, Wash
Idaho City, Idaho _____________

Idlewild Highway Maintenance
Station
Illahe, Oreg ____________
Kellogg, Calif ___
Kentfield, Calif

12, 18, 19, 64

Klamath River basin __________ 70
December 19
La Grande, Oreg ______________ 87
Laytonville, Calif _____________ 64
McKenzie Bridge - _____ - 24
Marion Forks Fish Hatchery ____ 24
Meacham, Oreg _________ 20, 100, 101
Mokelumne River basin ________ 17
Mount Rose Highway Station,
Nev o 16
Mount Shasta area _____ 18
Mullan Airport, Idaho 20

Myers Inspection Station, Calif__
Navarro, Calif
Newport, Oreg
Nez Perce, Idaho
North Bend, Oreg _. -

Oakridge, Oreg - - 117
Oregon, coastal ______________ 10, 25
Oregon State University,

Corvallis 25
Orofino, Idaho __ 87
Otis, Oreg . ________ 26
Palmer, Wash _._______________ 27
Phlox Point, Mount Hood, Oreg._ - 22
Powers, Oreg _________________ 135
Red Bluff ____________________ 18
Richardson Grove ____._________ 10
Riggins Ranger Station, Idaho __ 20
Rogue River basin _______ 12, 26, 136
Roseburg, Oreg _______________ 131
Russian River basin ____ 12, 1§, 19, 61
Sacramento River basin ____ 16, 17, 18
St. Helena ___________ 60
St. Maries, Idaho 80
San Joaquin River basin ___ 16, 17, 18

San Rafael, Calif
Shasta Lake area
Sierra Nevada
Smith River basin
Snake River basin
Stanislaus River basin _
Storm, December 1-18 ___ - 3
December 19-23
January 21-31
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January 2-7 _____________ 12
The Geysers, Calif __ . ______ 61
Ukiah, Calif . ___ . __________ 61
Valsetz, Oreg ————__._ 1C, 25, 26, 131
Walla Walla, Wash ____________ 98

Washington, minor area of
flooding — . ____ 26, 27
Washington, southwestern _ — 23
White River basin ________ 138
Willamette River basin __ __ 24, 25
Wind River, Wash _______ -- 21, 23

Wind River basin
Yuba River basin
Previous floods, American Rive~ basin 51, 52

Columbia River basin, lower ____ 111
December 1955 _ . ____________ 27, 29
1861-62 27
Goose Lake basin ______________ 44
Klamath River basin __________ 70
Oregon, coastal 131
Rogue River basin _____________ 136
Sacramento River basin, upstream
from Feather River,
February 1940 ________ 46
Willamette River, at Portl~nd,
Oreg 126
Willamette River basin _________ 113
Willow Creek basin, June 1903 __ 103
Yuba City . __ 50
Prineville, Oreg ______________ - 174
Pudding River, at Aurora, Oreg —__._ 123
Putah Creek, near Guenoc, Calif ___.__ 55
near Winters, Calif __________ 55, 171
Pyramid Lake Indian Reservation _._ 34
Q
Quartzville Creek, near Cascad‘a,
Oreg 120
Quiney, Calif ___ _____ ____________ 48

Recreation facilities, sedimentation
damage
Recurrence interval, definition _
Redwood Creek, at Orick, Calif
Redwood Creek basin
Reedsport, Oreg
Register Rock State Park
Reno, Nev
Reno-Sparks area
Reservoirs:
Agency Valley
American Falls . ______
Anderson Ranch
Arrowrock
Black Butte __
Boca
Bonneville
Brownlee
Bull Run ____
Bully Creek
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Camanche ___________ Middle Fork ... ________ 51, 171
Camp Far West Big Wood __________ . ________ 82
Cascade - _____._____ Blue 119
Cherry Valley __ Boise 84
Cottage Grove _____.________ Middle Fork —_____________ 84
Cougar ___.____ . _______ North ¥ork —______________ 84
Crane Creek ___ Bull Run 109
Crane Prairie _________________ Burnt ___________ . _____ 87
Deadwood - _____________ Calapooia _________________ 118, 119
Detroit _____ Calaveras _
Don Pedro . _____________ Carson ______ . __________._._
Dorena .. _________ Cheteo _______________________
Drews ____ Chowechilla _ - 40
Emigrant ___ Clackamas ___________ - 125
Englebright Clearwater, North Fork _ - 89

Farmington ___ Coeur d’Alene _______ - 79

Fern Ridge ——_____________ South Fork ——oe o _____ 80
French Meadows Columbia _ 110, 113, 12f, 126, 167, 174
Hetelh Hetehy system Coos 135
Hills Creek ________________ 117, 175 Coquille ______________________ 135
Howard Hanson __ 138 North Fork _ 135

Ice House ____________________ South Fork o _________ 135

Island Park —_________________ Cosumnes ____ . _______ 40, 43
Jackson Meadows Cowlitz - 111
Lahontan __________________ Crooked ______________________ 174
Little Wood River Deschutes _____________ 108, 174, 175
Lookout Point Downie ._.___________________ 49
Lower Bear River _____________ 43 Bel _______ 66, 67
Lucky Peak . _________ 84, 173 Feather ___ __ _________
McKay North Fork
McKay Creek _________________ 101 Fresno __ oo ___
Magie - __ 82, 173 Green ______________________
Melones ___ . 41 Hood .
Mill Creek . _________ 175 Ilinois _______________________
Mud Mountain ________________ 138 Imnaba ______________________
New Hogan ____ John Day _
Ochoco . ___ Kilehis o __
Oroville __ __ . Klamath _____________
Owyhee ___ Lewis
Palisades ____________ Long Tom _________________
Pardee _________________ Luckiamute ________________
Prineville _________ McKenzie ___
Prosser Creek __ Malheur _
Rolling _____ S 50 Marys
Ruth _______ -- 68,172 Merced __
Salt Springs —___ -- 43, 170 Miami _____
The Dalles ___ ——— 111 Middle Yuba
Thief Valley —— 87 Mokelumne __
Tulloch ___ —- 41, 169 Nehalem __
Union Valley __ 170 Nestucea ___
Warmsprings —_____ 173 North Yuba __________
Whiskeytown _____ 10 Owyhee __________
Wickiup . ______ 175 Portneuf ______
Requa, Calif _________________ 37, 72, 150 Potlateb ______________________
Richland, Wash ___________________ 81 Powder _____ _________________
Rio Dell, Calif 66 Pudding
Rio Dell-Scotia bridge _____________ 66 Rogue ________________
Ripon, Calif 41 Row _
Ritter, Oreg 103 Rubicon _____________ 37, 51, 52, 150
Riverbank, Calif __________________ 41 Russian . ________________ 164, 171
Rivers: Sacramento ______ 37, 45, 46, 47, 50,
Alsea ____________________ 131, 132 51, 53, 164, 170, 171

American . ____________ 37, 52, 53 St. Maries o _________ 80




INDEX

Page
Rivers—Continued

Salmon _.____________________ 71, 87
San Joaquin _____.______ 41, 164, 169
Sandy . ________ -~ 109, 110
Santiam ___ -- 118, 121
Scott _. . 71
Shasta — . 172

South Santiam 122
South Umpqua 134
South Yuba ——_________________ 49
Spokane ___
Sprague ___ . ____
Stanislaus . ___________
Touchet . ____ 98, 100
Trask —_ 132
Trinity . _____ 71, 78, 172
Truckee . ______________ 32, 34, 168
Tuolumne __________________ 40, 169
Umatilla —_____ -~ 101, 174, 175
Walla Walla __________________ 100
Warm Springs . _________ 108
Weiser __ ___ 86
White _______ -~ 138
White Salmon ________________ 109
Willamette ______ 113, 118, 119, 121,
122, 124, 125, 126, 156
Wilson _______________ 131, 132, 133

Zigzag _—___
Rockford, Wash 80
Rogue River, at Grants Pass, Oreg - 131, 145

below South Fork Rogue River,

near Prospect, Oreg ____ 136
Rogue River basin 127, 131, 136, 178
Roosevelt, Wash __ 107
Roseburg, Oreg
Row River, above Pitcher Creek,

near Dorena, Oreg __ 117, 118

Rubicon River, near Georgetown,
Calif o _ 51
Rufus, Oreg _ . . 145
Runoff, Cache Creek, near Lower
Lake, Calif ___________ 171
Eel River, South Fork, near
Branscomb, Calif 65
Illinois River basin —___________ 136
Kellogg Creek, at Starbuck, Wash 91
Redwood Creek, at Orick, Calift_ 69
Shasta River, near Yreka, Calif_. 172
South Honcut Creek 17
Truckee River ________________ 33
Van Duzen River, South Fork,
near Bridgeville, Calif__ 65
Russian River, East Fork, near
Calpella, Calif _______ 61, 63
East Fork, near Ukiah,
Calif . ____ 59, 60, 62, 63
near Cloverdale, Calif _________ 62
near Guerneville, Calif —________ 62
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near Healdsburg, Calif _________ 62
near Hopland, Calif ____________ 62
Russian River basin _______ 18, 56, 58, 61

S

Sacramento River, at Colusa, Calif __ 47
at Delta, Calif —______________ - 44

at Keswick, Calif ___.___ - 45

at Sacramento, Calif __.__ . 53

at Verona, Calif ____ — 50
near Red Bluff, Calif _________ 46, 47

Sacramento River basin - 4, 28, 36, 142, 170

downstream from Feather River _ 50
storms 16
upstream from Feather R'ver ___ b4
Sacramento River Deep Water Ship
Channel _____________ 56
Sacramento River Flood Control
Project __ . __________ 171
Sacramento Valley _____._________ 17, 47
Sacramento Weir ____._____________ 54
Sacramento Weir spill to Yolo bypass,
near Sacramento, Calif _ 53
St. Joe River basin _______________ 80
Salem, Oreg . _______ 121, 122
Salmon Creek, near Oakridge, Oreg __ 117
Salmon River, at White Bird, Idaho __ 87

near Government Camp,

Salmon River basin ___
San Anselmo, Calif
Sandy River, below Bull Run River,

near Bull Run, Oreg 109, 110

near Marmot, Oreg . _______ 109
Sandy River basin _______________ 109
San Joaquin River, at Miller

Crossing, Calif ________ 40

near Vernalis, Calif _________ 42, 169

North Fork, below Iron C-eek,

Calif _______________ 40
San Joaquin River basin _.__ 4, 36, 40, 142

storms 16
San Joaquin Valley _______________ 37, 438
Santiam Pass . __________ 25

Santiam River, at Jefferson, Oreg. 120, 122
Santiam River basin 13, 120
Sawyers Bar, Calif
Scatter Creek basin
Scotia, Calif
Scott Valley

Scotts Creek, near Lakeport, Calif ___ 54
Sea Lion Cave 133
Sedimentation 139
Seiad Valley, Calif ___ 71
Shady Cove, Oreg o ______ 137
Shasta River, near Yreka, Calif _____ 71
Shively, Calif 58, 65, 150
Sierra Nevada 10, 13, 28, 29
Siletz River, at Siletz, Oreg —___. 132, 133
Silver Creek basin - _____ 52
Silvies River, near Burns, Oreg ______ 35
Simmerly Slough 48
Sinslaw River basin _____________ 133, 139
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Smith River, near Crescent City, Calif 74
Middle Fork. at Gasquet, Calif __ 74
South Fork, near Crescent City,
Calif 74
Smith River basin _______ 59, 74, 139, 143

Smith River bridge - _______ 74
Snake River, at King Hill, Idaho __.__ 82
at Neeley, Idaho - __________ 81
at Weiser, Idaho ______ 86, 173, 174
below Ice Harbor Dam, Wash ___ 93
near Anatone, Wash ___________ 90
near Clarkston, Wash _________ 91
near Murphy, Idaho ___________ 83
Snake River basin ____________ 5, 75, 106
between Twin Falls and Weiser,
Ydaho . ______________ 81
from Lewiston, Idaho, to the
mouth _______________ 90
storms 19
tributaries, upstream from
Twin Falls, Idaho —.___ 81
Somesbar, Calif . _________ 71, 73, 143
Sonoma Creek, at Boyes Hot Springs,
Calf 60
Sonoma Creek basin ______________ 60
South Fork, Calif _________________ 65
South Honcut Creek, near Bangor,
Calif __ 49
South Santiam River, at Waterloo,
oreg 122
South Umpqua River, at Tiller, Oreg- 133
near Brockway, Oreg . _______ 133
Soutlh Yamhill River, near Willamina,
Oreg —ee e 123
Spalding, Idaho . _____________ 89
Sparks, Nev ___ 147
Spokane River, at Spokane, Wash ___ 80
near Post Falls, Idaho _______ 80, 174
Spokane River basin __________ _— 75
Sprague River, near Chiloquin, Oreg__ 70
Stafford, Calf . _________________ 65
Stafford bridge . ________ 66
Stanfield, Oreg - 101
Stanislaus National Forest . _____ 42

Stanislaus River, at Ripon, Calif __ 41, 169

Stanislaus River basin _____________ 41
Steel Bridge . 126
Stevens Bridge ____ . _________ 55
Stirling City Ranger Station ___.__._ 48

Storage. See Lakes or Reservoirs.
Storage regulation ~

Storms
Strawberry Creek, near Prairie City,

Oreg — e 103
Streambed aggradation . ___________ 146
Stuart Guleh ________ S4
Summit 25
Surprise Valley 35
Susan River, at Susanville, Calif ____ 34
Sweetwater, Idaho ____ . ______ 89
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T
Taft, Oreg o 133
Talawa Slough 74
Tekoa, Wash _._____._______________ 80

Thomes Creek, at Paskenta, Calif . 39, 46, 47

Thornhollow, Oreg ____ . _________ 101
Tillamook, Oreg 26, 132
Toledo, Oreg - ___ 133
Touchet River, at Bolles, Wash ____ 98, 99

East Fork, near Dayton, Wash . 98
Trail, Oreg _ - —— 137

Trinity River, at Lewiston, Ctlif ____ 172
near Hoopa, Calif 60, 71, 73, 74
South Fork, near Salyer, Calif.,

peak discharge ________ 71
Truckee Meadows __._______________ 32
Truckee River, at Reno, Nev ________ 32

Truckee River basin 16, 29, 32, 168
Tualatin River, near Dilley, Oreg .. 123
Tualatin River valley 122, 123
Tucannon River, near Starbuck,

Wash 78, 79, 91, 93
Tuolumne River, above La Grange

Dam, near La G-ange,

Calif __ . 41
at Modesto, Calif _____________ 169
U
Umatilla River, at Pendleton, Oreg .. 101
at Yoakum, Oreg . ________ 101

near Umatilla, Oreg ..__._ 98, 101, 102
Umatilla River basin 98, 100, 175
Umpgua, Oreg 135
Umpqua River, near Elkton, Oreg _ 121, 135

Umpgua River basin ___ 127, 131, 133, 178
‘7
Vale, Oreg . 85, 174
Vernalis, Calif . _________________ 169
w
Waitsburg, Wash 98
Walker River, North Fork, necr
Tomales, Calif ________ 61
Wallace, Idaho - ________ 79, 80

Walla Walla River, near Touchet
Wash 98 99, 141, 142

Walla Walla River basin _________ 98, 175
Wallowa Mountains . 87
Warner Lake basin 29

Washington, minor area of fiooding . 5, 138
minor area of flooding, styrms __ 26

Washougal, Wash _______________. 110
Weiser, Idaho __ . 86
Weiser River, near Weiser, Idaho __. 86
Weiser River basin . _____ 75, 86
Weitchpee, Calif _.. -~ 59, 72, 150
Weott, Calif _____ ——— 58, 65, 150
West Linn, Oreg - 124
White River, near Buckley, Wash ____. 138
White River basin . _ 26, 138
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White Salmon River, near Underwood,
Wash . ______ 109
White Salmon River basin __________ 109
Whitman County __________________ 140
Wash., farmland damage _______ 143

Willamette River, at Albany, Oreg. 119, 120
at Eugene, Oreg. . _ . ______ 118
at Harrisburg, Oreg -
at Oregon City, Oreg
at Portland, Oreg —_ 116, 117, 126, 142

at Salem, Oreg o 121
at Wilsonville, Oreg ________ 123, 176
Coast Fork, at London, Oreg —_.__ 117
near Goshen, Oreg _________ 118

Middle Fork, above Hills Creek
Reservoir ____________ 117
Willamette River basin _____ 4, 5, 29, 93,

113, 114, 139
downstream from Salem, Oregon . 122
from McKenzie River to Salem,

oregon e 118
storms _____________ _________. 24
upstream from the McKenzie

River _______________ 117

Willamette Valley 24, 113, 118, 156
Williamson River, below Sprague

River, near Chiloquin,

Oreg 70
Willow Creek, Calif _ 59, 72, 73, 103, 150
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Willow Creek, at Heppner, Oreg _._ 102, 103

near Arlington, Oreg ____.__ 102, 103
near Susanville, Calif __________ 34
Willow Creek basin _______________ 102
Willow Slough __________________ 54, 53
Wilson River, near Tillamook, Oreg__ 131

Wilson River basin ________________ 139

Wilton, Calif . __ . _____ 43

Wind River, near Carson, Wash _____ 109

Wind River basin _________________ 109
Y

Yachats River, near Yachats, Oreg - 133

Yakima River valley _______________ 80

Yamhill River basin
Yankee Slough
Yaquina River basin
Yolo bypass, downstream near
Lisbon, Calif

near Woodland, Calif ___
Yosemite National Park ____.
Yuba City, Calif
Yuba River, at Englebright Dam,

Calif - 49
near Marysville, Calif _________ 49
Yuba River basin ________________ 49
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